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Forewonrp

The Nirranda Strewnfield australites have been discovered
at a time when much additional knowledge of the location,
concentration demnsity, fragmentation, etching propensities,
specific gravity, shape and size variation, sculpture patterns, &e.,
of south-western Victorian australites has been accemmulated,
and can thus be applied to the study of this latest discovery,
which embraces a considerable number of different forms of
anstralites from a relatively small concentration centre in the
vast Australian tektite strewnfield.

Much of the propounded theory of tektite ovigin is, of
necessity, based largely upon conjecture and supposition.  After
some 150 vears of the study of tektites hy renowned scientists in
Various p'ilrts of the world, the tektite question as a whole is
still remote from an entirely satisfactory solution. It is with
this long background of accumulated fact and theory to hand,
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associated with an awareness of the lmportant recent advances
that have been made in the realm of the aerodynamies of
high-speed flow, that the writer feels jnstified in indicating the
need for a detailed stndy of the geowetry of the remarkably
svinmetrical australite varieties of tektites, and in hll(’(’(‘\tlll("
that their typieal secondary \'ln]w‘ as derived from primary
forms can be explained in terms of gas dynamies, It ix possible
that such an (11)})10(1(11 may help to take the tektite problem a
step further towards an ultimate solution, and at the same time
perhaps add something more to the g]'m\'ing‘ field of knowledge
relating to the acrodynamies of high-speed flow produced at far
greater than ordinary supersonie Spec *(l\

It 15 the writer’s opinion that too mmeh stress has heen laid
in the past on the idea that australites mnst have rotated through
the carth’s atmosphere abont an axis, the position of which was
parallel to the direction of pmpd“'l‘ﬂ(m through the atmosphere.
Although rotation is obvionsly necessary for tlw mitial develop-
ment nt all except the ,\phm( anong the primary forms from
which the secondary shapes of (lll\tl(lllf(‘\ were prodneed, the
likelihood is considered herein that a Sphming motion need not
have bheen maintained during the atmospherie phase of carth-
ward flight, i.e. dnring a phase when the secondary shapes now
possessed by australitex were impressed npon  the original
primary \]m])es

[NTRODUCTION

Three  hundred  and  sixty-six  anstralites,  which e
Australian tektites of late Recent age, were iound 1 January,
1953, along a narrow strip of the south -west Vietorian eoastline,
x\tondmo from Childers Cove sonth-east of W arrnaibool, to
the Bay o Ixlands north-west of Peterborongh (text hﬂmo 153k
These anstrahites are registered in the \atmnal \l]l,\eum Roek
Colection, Methomme, as E707 to K1056 and K1099 to K111+,

The strewnfield in which the australites were loc ated, s
hercatter veferred to as the Nirranda Strewnfield, the name
being derived from the post office nearvest to the site on which
the greatest nmnbers of anstralites were found in the district,
A\nmlnla 1= sitnated on lat. .)b deg. 30 min. S., and long, 142 deg.
45 min. KL approximately 3 miles inland from the um\tlm(* of
south-western Vietoria, and 18 wiles south-cast of the ity of
Warrnambool (text fignre 1).
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Most of the anstralites from these three strewnfields were
located on areas facilitating discovery—areas snel as old roads,
horrow pits and ¢liff edges, all relatively free of vegetation, and
on areas consisting of naturally bared patches that have been
snbjected to frequent coastal showers and strong winds, and so
are nneh rain-washed and wind-swept.

In the Nirranda Strewnfield, the majority of the australites
were found on such rain-washed and wind-swept patehes sitnated
very close to elift edges.  Vegetation, recent soils and the fine
to medium size mineral particles have been removed from these
patehes by wind and by surface run-off of rainwater leaving a
veneer of coarser sand in some parts, and a bnekshot gravel
sprinkled hardened e¢rust in others.  Resting upon this hardened
erust and coarser sand, which in parts of the strewnfield repre-
sents the topmost portion of a former soil horizon, australites
have been fonnd in varving nnmmbers, sometimes associated with
occasional rounded, partially chipped rocks and numerous flakes
of rocks alien to the bedrock of the arca. The greater part of
the bedrock Tiereabouts, ix Miocene limestone, capped in places
with Pleistocene dune Timestone. Most of the rock flakes appear
to be rejected chips from the process of aboriginal stone imple-
ment manufacture.  Shell fragments from molhises used as food
by the aborigines, are also a featnre of some of the anstralite-
hearing patehes.  All the geological evidence points to a late
Recent age for the anstralites, substantiating Fenner's (1935,
p. 140) Dbelief that australites ave ** geologically Recent, hnt
historically remote.”™  The precise age is not vet known, but it
wonld not be mueh more than a few thonsand vears sinee the
Nirranda Strewnfield australites first arrvived upon the surface
of the carth.  In both the Nirranda and the Port Camphell
Strewnfields, the australites oceur above an old <oil horizon, and
i parts of the Port Camphell Strewnfield, a few anstralites
have been nnearthed from the top 6 inches of recent soils.

Forty-two per cent. of the australites recently found in the
Nirranda Strewnfield are complete or nearly complete forms,
Of the remainder, 54 per cent. are composed largely of fragments
that can he specifically recognized as coming from the hody
portions of australites, and among this total are a few nondeseript
fragments; + per cent. of the total are tlange fragments.  None
of the fragments fitted one another, henee oach fragment s
constdered to yepresent a portion of a different
australite.  The percentage of complete or nearly
australites that were found with their anterior surf

individnal
complete
faces facing
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pwards, 1s approximately nine times ax great as the pereentage
fonmd to have the posterior surface npwards<.  The anterior
surfaces pointed carthwards during the atmospherie phase of
flight, and since 87-5 per cent. were found on the gronnd with
the anterior surfaces facing away from the earth. it is apparent
that the stable position of rest of australites upon the carth’s
surface is the reverse to their stable position of propagation
throngh the earth’s atinosphere.

On the whole, the Nirranda Strewnfield australites are
considerably morve abraded than the majority from the [Port
(‘ampbell Strewnficld, and morceover, they are not ¢nite as well
preserved as most of the Moonlight Head Strewnfield anstralites.
As a conseqnence of their worn character, it is possible that
sonme of the anstralite fragments in the Nirranda Strewnfield
ihay have come from the same original complete form, hut having
been fragmented a long time ago, they are now largely too
abraded and etehed to he matehed with any degree of certainty.
The fact that some of these australites and some of  the
fragments have a fresher appearance than others is due to their
having been buried longer mnder a protective cover of anface
soil, while others have been exposed for longer periods to the
abrasive action of wind-borne sand and other erosive agents.

Thig article deals as comprehensively as has been possible
under present cirenmstances, with the location, distribution.
conecentration density, physical properties, optical properties,
cliemmical composition, scenlpture, shapes, syvimetry,  statisties
and ultra-snpersonie flight effects of  the recently  collected
Nirranda Strewnfield australites.  Many of these attributes arve
compared and contrasted with those that have heen deseribed
for the Port Campbell and Moonlight Head Strewnfields in
couth-westernt Vietoria, and with those for the Charlotte Waters
Strewnfield in Central  Anstralia, and the Nunllarbor Plain
Strewnficld extending cast and west across the southern border
hetween Sonth Australia and Western Australia.  The statisties
of the Nirranda collection of australites, involving such factors
as mumbers, dimensions, specifie gravities, weights and radit of
curvature. are herein presented as frequency  polvegons and
ceatter diagrams in order to obviate the use of many cumbersome
tables.
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DisremerioN AND CONCENTRATION
The mnnbers of anstralites recovered From varions lo alities
i the Nimranda Strewnfield are as (ollows:

Childers Cove .. . .. S
Navier's Corner, Nivvanda .. . D
North-cast  end  of  Bay ol Islands,

|’(*l(‘l'|m|‘()ll;_’,'ll o o . 0 g o
FEallt a0 mile sonth caxt ol Flaxman's

1l y . i .. I
North-west corner ol Dog Trap DBay .. 1
Middle of Dog Trap Bay - .. 2
North cast corner of Dog Trap Bay .. 5
Thrcee-quanters ol a mile conth-cast of

Navier’s Corner |

“lorrawatlnn 7T homestead, T omile sonth
ol Nnllawarre 12,0, (donated by

Mues. AL Mathieson) .. .. |
North-cast corner ol Stanhope’s Bay .. gl
"Total .. - 200

Farher discoveries of a simall nomber of anstralites from
other Toealities in this region are known from specimens in the
National  Muscnm Colection,  Melbomre.  One s [rom
Cndgees one from Narearnhuddnt, Seott’s Creek, and one [rom
Warrnambool. Thyee others from the Warrnmunbool  Distriet,
formerly in the Warrnambool  Muoseum  Collection, mre  now
lodged in the colleetion of the Sonth  Anstralian Museun,
Adelaides Another one was recorded from Mepunga by Dinn
(19120 po 1290 One collected from Coredie’s Inlet some vears
ago hax been chemieally analysed (Snmmmers, 1915, p. 190). A
few others known to have been colleeted in recent vears inelnde
two from Tinboon and two from Conrdie Vale,

For comparizon with these mnnbers in the Nihaanda Strewn-
tield, the nmmbers ave given for neighbonving strewnfields. 1hus
twenty anstralites have heen discovered west and south-west of
Wattle THIT in the Moonhight Head Steewntield (15 deseribed
by Baker, 1950, po 25), and 1IST anstralites are known [rom
the stretel of coast extending from 1 mile sonth-cast of Curdie’s
bnlets throngh Port Cinmpbell township to 3 miles sonth-cast
ol the Shevbrook Riverin the Port Coonphell Strewnlield ( Baker,
TOST, 19400, 1O 1916, and Baker and Forster, 1943),

Since the initial discovery of 331 australites at Stanhope's Bay, a further 223
specimens comprising complete forms and fragments of australites, have been collected
from this site, and donated to the National Museum of Vietoria over the past year
and a halt, by Colin Drake of Warrnambool and Brian Mansbridge of Allansford,
Victoria,
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The Nirranda Strewnfield has its greatest coneentration of
australites near Stanhope’s Bay, where 91 per cent. of the total
for the field were discovered. Three hundred and thirty-one
australites, including complete forms, nearly complete forms
and separate fragments were found on a small area Approxi-
mately 350 yards by 200 vards in size. This represents the niost
densely  popnlated australite centre =o far known in south-
western Victoria and, for that matter, is probably alzo the most
densely concentrated centre in the whole of Australia.  Three
bhundred and ten of the 331 aunstralites from this site near
Stanhope’s Bay were the outeome of four howrs searching by
K. D. Gill (59), A, K. Gill (108), M. Gill (8). M. K. Baker (53)
and G. Baker (80) in Janmary, 1953. The remaining 21 from
this small area were subseqnently collected hy R. T, M. Pescott
(9) and K. D. Gill (12).

COMPARISON WITH C('ONCENTRATIONS IN OTHER AUSTRALIAN
STREW NFIELDS,

Sonie idea  of the  comparative  popnlation  density of
australites in various parts of  Australia can he  obtained
by combining the Moonlight Tead—-Port Campbell=Nirranda
Strewnfields, and comparing the result with that of two other
areas—('harlotte Waters and the Nullarbor Plain—from which
large colleetions have heen made over extensive tracts of territory.
The areas of distribution, numbers found and concentration
densities for these three major strewnfields, are compared in
Table I.

TABLE 1.

Aenifigi el Mg Charlotte Waters Nullarbor Pliin

- ‘ Cagmbot] BNt Strewnticld. Strewnficld.,
e ) .

Area embracing | 150 square miles .. 8000 to 9000 30000 square miles
discovery sites ‘ squave miles

Numbers  found 1.877 7.184 3.920

Concentration ‘ 12:5 per square mile | 03 per square mile = 0-13 per square mile
density

Outlying areas at Scott’s Creek, Timboon, C(udgee and
Warrnambool have been excluded from the calenlations tor the
Moonlight Head—Port Campbell-Nirranda Strewnfields, and the
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area considered iz thus a strip of coast 50 miles long hy 3 miles
wide,  The specimens comprize the Baker Colleetion of 1,352
Port Camphell anstralites aud 20 Moonlight Head australites, 83
from Port Campbell i the Melbomrue University Geologieal
Colleetion, 366 Nivranda Strewuticld australites in the National
Muscum Colleetion, Melbomme, aud a few in private colleetions.

The Charlotte Waters Strewnfield anstralites comprise the
Kennett Colteetion dexeribed by Fenner (1940, p. 305) and the
Nullarbor Plain Strewnfield australites comprige the Shaw
Collecetion also desevibed by Fenner (1934, p. 62).

The comparative valnes shown in Table 1 for these three
major strewnfields indicate that the greater concentration of
australites per sqnave mile is in conth-western Vietovia, Smaller
centres within this vegion are even more densely popnlated than
1 indicated by the overall fignres in colmmn 1, Table I, for
example, the occurrence of 331 anstralites over an area 350 vards
by 200 yavds in extent at the Stanhope’s Bay tektite site. This
observation relating to the density concentration of australites
has even greater significance when it is considered that oppor-
tunities for snecesstul searching in the relatively well-vegetated
region of couth-western Vietoria are not as great as in the
sparsely vegetated gibber regions and dry plaing of the other
two strewufields inelhuded in this comparisou,

In the three sonth-western  Vietorian  strewnficlds,  the
preseut stream patterus (ef. text fignee 1) bear little or no
relationship to australite distvibntion, and there is no evidenee
to indicate spreading or concentration by former streams.  1u
the main, it ig considered that the majority of the anstralites
were recovered  from anore or less the positions where they
originally fell as extra-tervestrial hodies.  However, it canuot
be assessed how mueh the Anstralian aborigines, vor how much
native hirds sneh as emns and bhonsh finckeys have heeu coneerned
i anstralite disteibntion in these parts. Anstralites were ntilized
for varions piurposes by the aborigines, and have heen found in
the gizzards of emus and binsh turkevs, There ix evidence of
the continued nse of anstralites by living {ribes of Australian
aborigines. A verbal commmuication from Mr, 11, R. Balfonr
of Toorak, Vietoria, dizelozes that the aborigines of the Woorera
region in Central Anstvalia call anstralites ** cmn-stones,”” by
virtue of the pnrpoze for which they ave emploved. Mr, Balfour
states that the anstralites are wrapped up in balls of feathers
by the aborigines, aud these are then thrown towards flocks of
cimus, Being expecially endowed with a natural inquisitiveness,
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the enus approach these objects for closer inspeetion.  While
absorbed in thetr investigation, they  ave  speaved by the
aborigines.  Their gizzards often contain a mmnber of stones,
usually black in colonr, a lavge proportion of which ave frequently
anstralites. This practice has heen a featnre of aboriginal food-
hunting for many vears past, and it therefore seems possible
that = occastonal  small  concentrations  of  worn and  bhroken
australites conld well have been hronght abont by some sueh, or
allied aborviginal custom, partienlarly when it is veealled that
aboriginal chipped lints and shell-food renmmants are common
associates of the aunstralite-sprinkled arveas along the coastline
of  sonth-western Vietoria. The  worn character of  these
australites ix also partly due to minor mmomits of sand-blasting
where exposed on the wind-swept patehese while some of the
wear ot some of the anstrahtes may have been dne to " carey
polish ™ dnring ntilization hy the aborigines.

Oun a barvven pateh of gronnd near Childers Cover from
which eight anstealites were recovered, are nmmmerons  shell
fragments and chipped flints testifyving to previons ocenpation
by the aborigines. At Nayler's Corner, 2 miles intand from the
coaxt, where three anstralites were fonnd, there was no evidence
to indicate aboriginal oceupation. This =ite iz a small triangnlay
pateh of gronnd at a road junetion, and the area has evidently
beent bared by voad-making activities and steipped of the top
fow inches of =oil, thns exposing the anstralites. A\t several of
the other sites where anstralites were discovered, namely near
Maxman’s 1, Dog Trap Bay and the Bay of Islands near
Peterborough, there is fither evidence in the form of occaxional
chipped flints and shell fragments that these coastal areas were
within the region of aborviginal middens and cmuping gronnds.

Fouys oF AUsTRALITES REPRESENTED

The colleetion of anstralites from the Nnranda Stvewntickd
containg a generally vepresentative variety of the nsnal anstralite
shapes recovered from other strewnfiolds i Anstralia, hnt shows
minor variations nt some respeets from the Port Camphbell and
Moonlight 1lead Strewnfields fimether to the sonth-cast,  'The
collection containg a greater pereentage of fragments ol hollow
forms of anstralites (ef. Plate 1) than so far encountered in
either the Port Camphell or the Moonlight Head Strewnficlds,
and also a greater pereentage of lens-shaped forms (ef. Plate |
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tignres 3 and 7). Like the Moonlight Ifead Strewnfield
anstralites, those from the Nhrranda Strewnfield show a complete
ahxence of small forms sueh as flat eirenlar dises, howl-shaped
forms and oval plate-like forms (forms that were especially
scarched for): thix ix in contrast to the Port Camphell Strewn-
field from which a mumber of these partienlar s<hapes have heen
recovered (el Baker, 1937, 19400, 1946).  Aberrant forms (ef.
Daker: 1946) are also wanting in the Nirranda, ax in the
Moonlight ITead Strewnfield.

[ixternal  featnres shown by the anstralites  from  the
Nirranda Strewnfield are typical in consisting of bubble-pitted
posterior (hack) snrfaces (see Plates T to 1V) and of flow-
ridged, flow-lined anterior (front) snrfaces carryving few hnbhle
pit< and cteh marks (see Plates I, 1T and IV). Some of the
form= are flanged (see Plates T and 11).

The percentage occurrence and the numbers of the varions
australite shape groups represented in the Nirranda Strewnfield,
are compared in Table 1T with those from the Port Camphell
and Moonlight Tead Strewnfields,

Owing to low numbers in the varions shape gronps of the
Moonlight Head Strewnfield anstralites, and the fact that less
than half the nmmber of shape gronps is represented. despite
careful secarching of the area for more examples, the percentage
valnes for several of the <hape groups may be too high.
Populations are sutficiently large for statistical significance in
all of the Port Caunpbell andd most of the Nirranda Strewnficld
anstralite shape gronps,

The pereentage distribntions of shape groups and fragments
among the anstralite popnlations of the Charlotte Waters and
the Nnllarvbor Plain Streewnfields vespeetively have heen ealen-
Lated Trom the mmmbers in each shape group and the mmnber of
Pragment= histed by Fenner (1934, 1940) for the Shaw and
Nennett collections. The vesults are compared in Table 111
with the percentage distributions obtained by combining the
total mumbers in cach <hape gronp and {ragment eroup for
the threee strewnfieldsin sonth-western Vietoria.  Slight
re-arrangements have been made to Fenner's lists for the Shiaw
and Kennett eolleetions in order to conform with {he grouping
of foru= and  fragments from the combined  Nirranda=I12o1d
Campbell=-Moonlight Tlead Strewnfields,
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TABLE II
Nirranda Strewnticld. P:itr..t;‘;:;;,{}f;‘:“ M4:),1;,‘.i;"(llllt[1‘.]|[!;::l(I
Shape tironp.
Number, Per cent. Number, Per cent. Number. Per cent,
Buttons .. 32 87 215 17-0 0 300
Hollow button ] 0-3 . . N .
Lenes 5 15-0 a7 340 2 100
Ovals 37 10-1 100 70 3 150
Boats ) Dod) 10 2o
Canoes .. 2 0-5 12 08
Dumb-bells ) -8 16 Lo
Teardrops .. 2 (=5 21 Lo
Round cores (" bungx ) I -1 20) 1 -al
Elongate cores .. N 10 2ok 12 0-x | a0
Round dises . .. » o 11 1-0
Oval plates . .. - . 10 0-7
Bowls .. .. - - .. 9 006
Aberrants .. .. .. o 10 0-7 N ..
Round form fragments* .. 127 il T 231 162 2 100
Elongate form fragments .. 19 Do 111 79 & 100
Hollow form fragments .. 10 2.8 23 1-6
Complete flanges  (detached) 2 0+H I8 1-2
Flange fragments . 11 3-8 313 21-7 1 500
Nondeseript fragments . 39 10-7 177 o2 } 150
Totals .. . 3667 100-0 1115 100-0 20 1000

KEY TO TABLE II.

* The term “round forms’” throughout this article refers to australites that
are circular in plan aspect (cf. text figure 13 and Plates 1 and II).

’

¥ Four other examples known, but not classified talso 223 examples recently
discovered at Stanhope's Bay).

i Forty-two other examples known but not classified.

Table T1T serves to stress certain trends that are comuon
among anstralites generally. These trends are—(1) the ravity
of snell forms ag the hollow buttons, the canoes, dumb-hells, corves,
round dises, oval plates, bowls and aberrants among the complete
forms. (i) the rarvity of tlanges detached ax complete entities
(ef. Plate I, figures 4 and 2) from their pavent forms, (i) the
preponderance of ronnd forms snch ax buttous and particularly
lenses. over clongated forms (Note: Dunne (19120 p. 3) found
that 66 pev cent. of the australites from Mt }\'illi:ml in the
Grampians, Vietoria. were = hntton-shaped or forms prodiced
from them 7). and (iv) significant variations from strewnfield
to strewnfield in the percentage populations of =ome of the
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varions shape groups. Such a variation is most marked amongst
the group of lens-shaped anstealites. Variation in the groups
of clongated anstralites, however, ix of no marked significance.
The significant variations from locality to locality in the lens

TABLE IIL

Combined South=Wesl Nullarbor Pluin Charlotte Waters

Victorian Strewnticlds. Strewnlleld, Strewnileld,
Shape Group, ‘
Number. P'er cent. Nnumber, P'er eent, ‘ Nnnher, i Per cent,
=3 s ! x e
|
Inttons .. - - W3 15D 275 70636 96
IHollow button \ . I = 0-01 .. .. - : o
Lenses L. i > 111 6H-2 1,038 266 3,213 {152
Ovale .. .. . 110 7.7 168 13 710 [[ORS
Boats .. . . 14 Do 171 1 D A0
Canoes .. .. * 11 -8 R 2:0 10) 01
Dub-hells .. L 19 1-0 70 1-8 67 0-9
Teardrops .. . D -3 131 5300 62 0-8
Round cores (" bungs ™) .. 7 21 13 6 0-08
longate cores y 23 1-3 .. Som 1
Ronnd dises .. . 11 08 nH Fal .. ..
Oval plates o i 10 0-H 10) 0-1
Jowls (or " hehmets ™) >4 )] 0-H 2 0-02
Aberrants . -4 10 0-H . - 91 13
Round form {ragments 5 4 363 19 -8 9 213 273 3-8
ISlongate form fragments .. 130 71 603 1541 181 67
iHollow form fragments 2 33 |8 28 0-7 11 02
Complete thinges (detached) 20 1.1 |
IFlange fragments -1 3282 0% = oc o | .
Nondeseript fragments 5 ) LW (0% 310 Q-7 117D 161
Totals .. o 1.831%  100-0 3.920 1000 7084 1000

* Forty-six other examples known, but not classified, and henee not included in the
total t(also 223 subsequently discovered at Stanhope's Bay).

eroup. iz largely a refleetion of the state of preservation of
australites, .\ grcater vmnber of round forims become elassitied
with the lens group, the nore the hutton-shaped australites are
croded  aud loxe all tvaces of  their tlanges.  Being  better
preserved, there is thns a greater pereentage of huttons than
lensex i the combined  South-western Vietorian Streewufields
('Table 111, Being mnelvmove abraded, the position is reversed
in - both  the  Nullarbor  Plaim and  the  Charvlotte  Waters
Strewnfields,
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Pereentage variationg among the groups of fragments of
the australites are partly a refleetion of variations of  the
percentage populations of complete forms from whiel they were
derived, bnt also may e influenced hy two other factors, naniely
(i) as vet incomplete field samphing in some of the steewntields,
and (i) variations in the processes of evosion from strewnfield
to strewuficld.  The search for australites in the Nirranda
Strewnfield, as in the Port Camphell and  Moonlight  [ead
Strewnfields, has heen ag fhorough as possible 1a the tiine
available. Al fragments of all visible sizes and shapes, as well
as all complete and nearly complete forms exposed to view were
collected, henee the collection s ax representative as possible.
Herein may lie the explanation of the abundanee of flange frag-
ments in the three comhined strewnficlds in south-wester
Victoria, compared with their absence from the Nullarbor Plain
Strewnfield and the record of one only among 7,184 specimens
collected from the Charlotte Waters Strewnfield.  Sinee in cacl
collection there are munerons specimens that must have possessed
flanges orviginally, it is doubtful if all flange fragments in one
lavge strewnfield (Nulavhor Plain), and all but one in another
large strewnfield (Charlotte Waters), were destroyved hy erosion,
while so many (nearly 18 per cent. of the total munber of
anstralites found) remained in a thivd lavge strewnfield (Sonth-
western Vietoria). It wonld bhe even more doubtfnl that the
flanges were all lost hetore the anstralites landed on the snrface
of the earth, in the strewnfields fron which they are not recorded.
It is therefore likely that flange fragments have cither heen
overlooked or disearded in colleeting from the Nullarbor Plain
and Charlotte Waters Strewnfields.

CovrreTeE Forys

The lens-shaped group (Plate I, fignres 3 and 7) is the most
abmidantly populated shape group ammong the Nirranda Strewn-
field anstralites, followed by oval-shaped and  button-shaped
forms  (see Table 11). Together, these three <hape groups
contain 80 per cent. of the complete and nearly  complete
australites discovered in this strewnfield.  Fxeept where nieh
abraded, the various individnals of cach shape group reveal
shimilarities to most other properties possessed by anstralitos
deseribed from a nmmnher of localities in Australia.  Variations
in weight, size and speeitie gravity are shown in Table TV aud in
text fignres 2 to 11,
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are cireular in plan. Variations of as little ax 1 v, and np to
2 mnu between the two dianmeters of sneh forns, <eem to be
snfficient to warrrant their classification with the oval gronp,
especially where the forms are as small ax 10 mn (or less)
across, when a difference of 1 mn, hetween the two diameters
constitntes 10 per cent, (sometimes up 1o 16 per cent.) of he
total measnrements.  In such forms, differences in the two
diameters are not due to subseqnent erosion, sinee many of
thene still retain flange vemnants, indicating that the edges of
the hody portions, across which the measirements were made,
have not been differentially worn.  IFew of the ovals possess
well-developed flanges, many show well-amarked rins; one example
only has a complete flange (K836), and one shows evidenee of
the vim being extended ontwards in the initial stages of flange
Formation (see Plate TV, figure 24).

Among  the more  clongated  forms  of  the  Nirranda
anstralites, one of the canoe-shaped forms (Plate TV, figinees
17-19) is lavger than the npper hmits (30 unn,) set out by
Fenner (1940, p. 313) for this gronp. The specimen ix 31-5 nn.
long, and is the fargest known canoc-shaped anstralite o far
recorded from the Anstrahan tektite strewnfield,

The teardrop-shaped forms (ef. Plate 1TV, figure 22) are
rather worn, and have lost the greater part of the * tail @
portions,  The dimub-hell (Plate TV figimee 20), teardrop and
hoat-shaped (Plate TV, fignre 21) groups contain forms that
arce of medinm to small <ize compared with some exanples from
other Anstiralan strewnficlds.

Cores (Plate 111), which constitute some 9 per cent of the
Nirranda Strewnfeld aunstralites, are in the proportion of 2
elongate cores to 1 ronnd core. Round and elongate cores have
been deseribed elzewhere (Baker, 19400, p. 492), and some of
the examples from the Nirranda Strewnfield show comparable
and characteristic flaked equatorial zones, partly modified by
secondary flaking processes resulting from agencies acting upon
them while they lay npon the carth’s snrface.  In their initial
formation. however, it is believed that these flaked equatorial
zones were developed by fusion stripping and  perhaps some
ablation dnring atmospherie flight.

IFRAGMENTS OoF Varwovs [Forars,

Among the gronps of the fragments of anstralites, those
from ronnd forms consist of picces broken from (1) eqnatorial
regions of huttons, and thus show flange renmants or traces of

8412,54.—10
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the flange band, sometimes a little of both, (it) the cent ‘al.core or
hody portions of huttons and lenses, (1) posterior surfaces of
Diuttons and lenses. and (iv) anterior surfaces of huttons and
lenses,

Elongate-form fractnre fragments consist of pieces showing
indisputable evidence of dervivation from oval-, hoat- and (11.11111)—
hell-<haped anstralites.  No fragments were found of cither
teardrop- or canoe-shaped forms,  Oceasional smaller fragments
orouped with the round-form fragments might have come from
the hody portions of certain clongate forns of larger size, but
since there is nothing to indicate this, such fragments ave classed
with the round-form fragments on the grommds that round forms
comprise the greatest populations among anstralites, and hence
<hould provide greater munbers of fragments on fractnring.

The largest core fragment in the Nirrvanda collection of
australites, is reg. no. 1795, which weighs 23-92 grams, and
would, on reconstrnetion,  represent a o large  elongate  core
measinring 66 x 55 x 19 mm. Such a tform wonkd weigh
approximately 96 grams, and wonld tlms have been heavier, and
lareer, than the bigeest complete form (reg. no, £922 (Plate 111,
fignre 16) weighing 55 grams) in the colleetion.

Most of the flange fragments provide evidence of having
heen originally attached to button-shaped anstralites. Two
arce complete or nearly complete flanges (Plate I, fignres 4 and
5) detached entive trom thenr parent button-shaped forms; their
diaineters, &e., are set ont in Table IV. Ouly one flange
fragment, constitnting one haltf of the origimal, provides adeqguate
proof  of derivation  from  an  oval-shaped anstralite.  Its
dinmensions are—25-5 mn. long and 20 mn. across, while its
width measmred over the posterior surface ix 2-5 mm.  The
detachment of large portions of Hanges and of complete flanges
from thens respective parent forms, is hrought abont partly by
ctehing, and partly by weakening of the contacts with body
portions by varions means.  The detached  flanges  hecone
redunced nsize by impact with other objeets on the ground dnring
iurface ron-off drainage; at the same time, small fragments
are fractred from certaim parts of Hanged australites, while more
firmly attached portions of the flanges vemain on the parent form
(ef. Plate 1, figure 6).

The holow forms of australites in the Nirranda Strewnfield
were all broken on discovery, <one to mneh greater extents than
others. SNome have heen shattered to formn large, coneavo-
convex  fragnments resembling hroken fossilized  cge-shells  of
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depyornis. Others ave only hroken ou oue surface (Plate 11,
fignre 11), or mervely prnetured like the e xannple fignred in Plate
L1, figures 9 and 10, hnt still revealing the original form of the
lml]()w australite.  Ten fragments of  hollow  forms  were
discovered, and two nearly complete hollow forms. One (Plate
LI, figires 9 and 10), with a small hole leading inwards from
the antevior surface contained abundant fine sand and clay
constitnents that had filtered into the internal cavity,  The
cubical contenis of the internal bhubble contained Dy this hollow
fornt have heen determined as 1-18 ce. by introducing a good
wetting fluid (tolnene) throngh the small hole by means nI a fine
capillary tube, and weighing the australite with and withont the
fliid, on an (111'-(1(1111])0(1 lmlanw. It cannot be  decigively
determined  whether the fracture fragiments from the hollow
anstralites were bhroken by iumpact on landing, or by snbzequent
natural clfects (or by aceident) while resting npon the carth’s
surface.  Judged from the degree of erosion shown by the
fragments, l)](‘l]\d”(‘ evidently oceurred a long time ago; the
same applies to the more mmp]( te hollow button fignrred on Plate
LI, figure 11, The almost complete hollow buttonr (Plate T1,
figures 9 and 10) was apparently  punctined by processes
111\'()1\111;, otehing to a great extent, for the reason that the onter

end of the opening le: u]nw into the internal cavity oceurs 2-5 m,
helow the cxtmn.x] front polarr regions of the anterior surface,
and s situated at the junetion of <everal radiating grooves (ef.
Plate 11, figure 9). Two of the hollow form fragments are
large enough to furnish the dimensions of the original internal
hubbles.  One of these was 147 mm, across, and {the other, 16-6
mni. The cubical contents of these hbubbles wonkd have been 1-64
ceoand 1-88 ce. respectively.

The thickness of the bhubble walls of the hollow form
fragments varies from 0-5 mm. to 7-0 nn. Ifragnients hroken
from the equatorial regions (K714), where the anterior sinface
meets the posterior surface, usually show a marked thickening
of the bubble walls in the region where flanges usnally form on
solid australites.  Flages are nsually the exception rather than
the rule on hollow australites from other parts of Australia, <o
that it is of interest to find vemnants of well-developed flanges
attached to two hollow forms (Plate T, fignres 9, 10 and 11)
among the Nirranda Strewnfield australites.  Fragiments from
forms belonging to shape gronps other than the hollow, button-
lilke examples deseribed, also contain bubblex of more than usnal
size. These range in xize from 4 mni. as in reg, no. K796, and
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npwards in diameter,  Oue of the hollow form fragments (1£830)
<hows evidenee of inward collapse of part of the bubble walls.
The collapse ocenrred in the walls of the internal bubble nearest
the anterior sirface of the australite, at a time when secondary
fision and ablation had resnlted in rednetion in thickness of
the anterior walls, and =o partial collapse of the hubble occurred
dnring atmospherie Hight, The plastic glass in the region of
collapse became jnrolled on to the inmer walls of the internal
bubble, bt solidified hefore mueh flowage ocenrred.

Stz WEIGHT AND Sercirte Gravity orF TH1I2 MBEMBERS 01 THE
VARIOUS SHAPE GROUPS.

Where snfficiently well-preserved to provide the necessary
iuformation, cach anstralite in the colleetion has heen measured
to ascertain (i) the depth and diameter of forms that are
cirenlar in plan aspeet, (i) the length, width and depth values
of elongated forms, and (i) the width valnes of flanges,
inelnding those =till attached to hody portions, and detached
tflinge fragments. A1 the specimens, whether complete, nearly
complete o1 fragmentary, have, after cleaning, heen separately
weizhed i air on an aiv-damped chemieal balanee. The speetfie
gravity value of cach has heen determmined in toluene at 200
the results listed in Fable 1V being recaleulated vahies for air-
MNeee, distilled water,

The =ize measnrements, the weight valnes and the speeifie
eravity values are given in Table 1V for the different shape
aroups only, Individual valnes for the different australites
found in the Nirranda Strewnfield have been plotted in the
frequeney polyvgons and seatter diagrams shown in text fignres
21011,

Size
Al values obtained  from  the measurement of  depth,
diameter, length and  width  of  the Nirranda  Strewntield
anstralites are recorded to the nearest 0-5 mm, in Table 1V,
cach depth value represents the maximmu thickness measnred
hetween the front and back poles of the enrved anterior and
posterior =nrfaces respeetively (ef. text fignre 19). Table TV.
roveals that the lavgest complete forms are in the core gronp, the
smallest in the lens-<haped gronp.
The relationshipz betwen the depths and dimmeters of the
ronnd anstralites (Leo bnttons, lenses and ronnd cores) are
nrcdieated incignre 2.
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The distribution (text fignre 2) is confined to a relatively
narrow zone above the Imo of unit eradient, showing that
diameter ix always greater than depth inany given round forn:.
There ix revealed a transitional inerease in hoth depth and
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FIGURE 2.

Scatter diagram showing depth-diameter relationships for round forms of the
Nirranda Strewnfield australites.

diameter from lenses, thrrough bnttons and smaller cores, to the
larger corex, with depth inereasing as diameter increases. A
noteworthy feature of the distribution 1s that a number of forms
with the same diameter have different depth values, and a number
with the same depth have different diameter valnes. Thixs
relationship holds for different valhnes of hoth depth and diameter,
There arve, for example, 17 buttons and lenses having the =amne
diameter of 15 mm., but depth variability of from 6 to 10 nnn.,
indicating that simtlar original forms have been ablated to
different degrees to produce secondary <hapes of the same
ultimate diameter and  different depths. There arve also 24
buttons and lenses with the sane depth valne of 9 nun., but with
diameters varving from -5 mm to 20 nnn, thus indicating that
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original forms of slightly different size have heen ablated {o
different degrees in order to produce secondary shapes of the
same ultimate depth. The indieations of the production of end
members agrecing with one another in certain measinenments,
from primary forms of originally different size, veceive further
support from a stndy of the rvelationships of the depths
diameters {o the radii of enrvatoree of the hack and  front
surfaces respectively (see text fignres 23 26).

The frequeney polygons for the depth and dimmeter valnes
of these ronnd formg of anstralites are shown in text figure 3.

N
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FIGURLE 3.

Frequency polygons fot depth and diameter values of round lorms of the
Nirranda Strewnfield australites.

The depth and diammeter valies (text figie 3) have heen
plotted to the nearest 1-0 n. The respeetive modes 8 for the
depth valnes, and 15 for the diameter vithies, bear ont the
observations that in most of these ronnd forms of anstralites cach
diameter valune is usnally approxnmately twice the depth valne.
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Conzequently the appearance of these australites in side aspect
(o1 in silhouette) is frequently lentientar (ef. text figure 19).
A conunon size among these hutton- and fens-shaped australites
i< that provided by the modes in text figure 3, namely 8 mn. by
15 .

The popnlation of complete individnals in cach of the
reraining six australite shape gronps is insufficient for their
size relationships to he shown satisfactorily by means of either
seatter diagrams or frequeney polyvgons, although the gronp
of the ovalshaped australifes vields relatively  satistfactory
seatter diagrams for length—depth and length—width relationships
(see text figures 4 and H).
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FIGURE 4.

Scatter diagram  for length depth relationships of the oval-shaped Nirranda
Strewnfield australites,

In text fignres 4 and 5, cach distribution falls mto a narrow
zone ahove the Hoe of unit gradient, and bhoth depth and width
increase generally as length inereases. .\ few spechmens with
the same depth (e.g. 6 nuny) have length variation (from 11-5
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mu to 17 nung), and a few with the sane length (e T mm,)
vary andepth (from 05 e 1o 8 s, while companable
trends arve also shown for length width relationships, althongh
the vainciations are not quite as prononueed.  Such relationships
are somewhat analogons to those already onthined in the gronps
ol hntton- and lens-shaped anstialites,
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Sealler diagram  for lenglh widih relationships of  the  oval-shaped  Nirrandan
Slrewnlield australitfes.

In text fignve 5, the velationship between length and width
for the <mall poputation ol boat shaped anstralites iz sneh as to
veveal a similar inercase of width with inereased tength as i the
oval-shaped gronp, but there s amneh wider seatter.

The velationship of widihs to mnubers of flanges enconntered
in the strewnfield, s shown in text fignre 6. Seventy two width
measnrements were made on (1) flanges stilb attached (o hoth
complete and partially Tragmented  button-shaped  anstialites,
(i) two flanges detached as complete entities from huttons and
one from an oval, and (iii) several flange fragments comprising
from one gixth to just over one hall” ol the original, wainly
front buttons, with one from an oval,
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The mode of the frequeney polveon (text figure 6) oceurs
at the 3 nn. width valne, and this corresponds with the calculated
average value for flange width.  The measured range in the
width of flanges 1z 1-5 mm. to 5 mm. (see Table IV), but the
range in the frequeney polvegon (text figure 6) is recorded as 2
to 5 mmnt., because the measnred values have heen plotted to the
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FIGURE 6.

Frequency polygon for widths of flanges.

nearest 1-0 nn. The widths of the flanges were obtained by
measuring across their postevior surfaces, from the outer (i.e.
equatorial) edge to the inner edge (or ehin ef. text figure 15).
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Weight.

The smallest weight value of a complete form amnong the
Nirranda Strewnfield australites is 0-247 grams, for a small
lens (reg. no. K781) measnring 7 mm. in diameter and 3-5 .
in depth, and having a specific gravity of 2-434. There are 21
fragments with lower weight values than this, the lightest
fragment weighing only 0-090 grams.

The largest weight value obtained is 55-100 grams, for a
large clongate core (reg, no. K922) measnring 39 nmn long, 34
mn. wide and 28 mm. deep, with a specific gravity of 2437,
This specimen  (Plate 11, fignre 16), from ** Errawallun ™
homestead, one mile south of Nnllawarre I.0.; was foud under
a tree in 1910, by Mr. A. Mathieson, Sur., while sheltering from a
storm.

The total weights, ranges in weights and average weights
for complete aunstralites, and for all specimens including
fragments, from the Nirranda Strewnfield, are compared m
Table V with those for the Port Campbell and the Moonlight
Head Strewnfields.

TABLE V.
L ]
Average Weight
Numther of - Number of Total Average Weight | Weight of | Range of
Strewntield, Specimens | Npecimens Weight Weight Rauge in  Complete Complete
Found., Weighed. in Girams. in Grams.  in Grams. TForms in | Forms in
Grams, Grams,
Nirranda . 370 366 668-396 [ 1826 | 0-090 | 2:360 [ 0247
to (155 to
55-100 | =pp.) | DH-100
Port Campbell .. | 1487 D73 N30-322 1:549 | 0-054 | 2-731 1 0-065
to (212 to
56482 1 spp.)  D6-182
Moonlight Head .. 20 15 51:052 & 3-403 0134 4-9120 (). 837
to to
25 - 364 25 369

Beeanse of low numbers of specimens, weight values for the
australites from the Moounlight Head Strewnfield have little
statistical significance in comparisons with those of the Nirranda
and Port Campbell australites; nevertheless, the numbers listed
for the Moonlight Head Strewnfield represent the total
population known, aud scavches in recent years have vielded no
more specimens.
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Numbers are satisfactory for significance in the Nirranda
and Port Campbell Strewnfields, and the fact that the average
for all specimens weighed, meluding hoth complete specimens
and fragments, iz lower for Port Campbell than for Nirranda
anxtralites, can be explained ax a funetion of the discovery of a
greater number of smaller fragments in the Port Camphell
Strewnfield, where the average weight of complete forms is a
little higher.

The weight distribution of complete forms of anstralites
from the Nirranda Strewnfield is shown in text fieure 7.
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FIGURE 7.

Frequency polygon illustrating numbers of complete ausiralites with similar
weight values, Nirranda Strewnfield.

The frequency polvegon (text figure 7) reveals that the
greatest nnmber (125 or 81 per cent.) of complete and nearly
complete anstrahites from the Nirranda Strewnfield ocenr in the
fower weight rvange, between 0.5 and  2-5 grams. with a
prominent mode at -5 grams. Three speciimens weighing 1545,
19-5 and H) grams respeetively have heen omitted from the
frequeney polyvgon for convenience of representation.  There is
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a marked gap in the frequency polygon ercated hy a complete
absence of specimens in the 4+5 to 8-5 grams weight range, while
there are no complete forms weighing less than 0-25 grawms,

The calenlated average weight of 2-56 grams (Table V)
for the Nirranda Strewnfield anstralites i strongly iflhieneed
by the inclusion of 6 <pecimens weighing from 8-5 1o 55 grawms,
It these are omitted, the calenlated average weight is 1-5 grans,
a value which then agrees with the mode of the weight-nmnbers
frequency polygon (text fignure 7).

Spectfic (ravity.

Speeific gravity  values  of  the  Nivranda  Strewnfield
australites have heen determined to the nearvest thivd dechmal
place, but they have heen plotted in the accompanying freqneney
polyveons to the nearest second decimal place.

The lowest speetfie gravity vahie is 2-365 for a core fragment
(reg. no. K771) weighing 0-825 orams, and the highest is 2- 474
for a lens (reg. no. K1015) measnring 11 nan, in diameter and
55 mm. in depth, and weighing 0-772 grams. The calenlated
average specifie gravity valne for the 366 specimens 1s 2409,

That the speeifie gravity can vary a little in one and the same
australite, is indicated by a specimen of an oval-shaped form
(reg. no. K836) that was discovered in three picees Iving in
contact, partially embedded in =oil.  Determinations of speeifie
eravity valnes for the three picces separvately, and for the three
toeether, are shown with their respeetive weights {hins:

Weizht in s, Speeitic Gravity,
Whole form . 4136 2395
Complete flange .. .. .. . I 0-762 2-410
First half of core . .. .. 13836 2390
Second half of core .. l [-788 2.39
Two halves of core tosether .. oo | S| 2.395

Flanges normally have a rather lower spectlic gravity than
hody portions of anst alites (ef. Baker and Forster, 1943, .
333, and Table 5, p. 384), but this partienlar oval-shaped form is
an exception in having a Hange with a significantly greater
specific gravity than the body portion. The determination for
the complete flange was checked and re-checked, hut alwayvs with
the same resnlt,
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I contrast to this specimen, a batton fraguent (reg. no.
[91029)  from which the attached fange remmant was hroken
away, showed the same speeifie gravity values for tlange and for
hody portion —

Weight in Grams. Speeifle Gravity,
Button fragment with flange attached .. 1-926 21392
Core portion . . . . 1-767 2-3492
lange portion .. .. .. - 0-159 ‘ Do

The relationships of specifie g@ravity to total nmnbers of
specimens aud to the total weights of australite glass having the
. 0 . h . . h) h
sahe specirfie gravity, are shown in text figure 8.
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Frequency polygons showing relationships of numbers of specimens and weights
of specimens to specific gravity values for Nirranda Strewnfield australites,

The two freqguency polvgons i text figure 8 show a elose
parallelisine thronghont, and a relatively regnlar inerease in
munhers of specnnens and in weights from the 2-37 speeific
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gravity value to the mode of 240, after which there is a steady
deeline to 2-47, hut for a wminor peak at 2-46.  One spechien
weighing 55 grams, with a speeific gravity valne of 24 has
heen omitted from the total weights speeifie gravity frequeney
polyvgon; its inclusion wonld produce a very prominent peak
rising to nearty 90 on the 2-44 specific gravity co-ordinate in the
welght frequeney polvgon.

Analysiz of the nmmibers—speeific gravity fregueney polygon
(ree text figure 8) by the construction of separate frequency
polyeons for the different shape groups (see text figures 9 1o 11),
reveals that it is compounded of populations possessing varionsly
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Frequency polygons showing the relationships of numbers to specific gravity
values of Dbuttons, lenses and round-form fragments among the Nirranda
Strewntield australites.

sitnated modes, indicating speeifie gravity variations from shape

group to shape group. [n the overall frequency polygon (text
fignre 8), however, moxst irregularities, which i themselves are
stegntficant, have been smoothed out.
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The velationships of  numbers of  specimens to specifie
eravities for the round-forms of anstralites, inelnding round-form
fragment=, are =et ont inctext fignre 9; ronud cores are not shown
becauze of Tow nunmbers (only 4 specimens).

Featuves of the frequeney polveons for the ronnd-forms of
anstralites (text figunre 9) are (1) the more or less regular
mereaze Trom 2-38 to a wode of 2-41 for hutton-shaped forms,
and a regukar decrease thereafter to 2-44, (i1) the existence of
two modes (at 2:39 and 2-45) in the Iequeney polveon for the
lens-shaped Torms, and a distinet shortage of spechmens having
a spectfic gravity of 2-420 (1i1) two prominent peaks (at 2-40 and
2-42) wr the Trequeney polveon for ronnd-Toru fragments, with
a warked Talb i the 2941 region and cowparatively high mimbers
ol specimens in the 2-39 regiou; this relleets the original
character ol the complete Torms Frome which the Tragiments were
developed- some coming frow buttons and some from lenses—
but there ave intevesting diserepancies such as («) the occnrrence
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FIGURIE 10.
Frequencey polygons showing the relationships of numbers of specimens to specific

gravity values of oval-shaped forms, and of boat-shaped forms and fragments
therefrom, among the Nirranda Strewnfield australites.
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of a depression in the round-form fraguient polvgon on the 2-41
specific gravity value, which is the value of the mode for hutton-
shaped specimens, and (b) the oceuvrence of a peak on the
2-42 specific gravity value, which is a value for which there are
relatively low numbers of buttons and even fewer lenses.

Among the clongated forms of australites. the mnmbers—
specific gravity frequeney polvgons (text fieure 10) reveal modes
of 2-41 and 2-40 for oval-shaped aud bhoat-shaped anstralites
respectively, the mode for the oval-shaped forms agreeing with
that for button-shaped forms.  DBoth of these clongate shape
groups show a shortage in nmmbers of specimens with a specific
gravity valne of 2-43, and miuor peaks at 2-44. The reazou for
this is obscure, if not a resnlt of sampling.
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FIGURE 11.

Frequency polygons showing relationships of number of specimens (o specific
gravity values for flange fragments, nondescript fragments and hollow-form
fragments among the Nirranda Strewnfield australites.

Frequeney polvgons have not been constrneted for the gronps
of clongated australites referred to ax dmmb-bells ax canoes, and
as teardrops, becanse of low populations of specimens i each
of these shape groups. Numbers arve a little higher in the group
of the fragments which embraces flange fragments, nondeseript
fragments and  hollow-form  fragments ax }llstlm-t Cronpings
from those (ronnd-form and elongate-form fragments) already

$412,54—11
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plotted in text figures 9 and 10, Althongh they have no especial
statistical significance, the mmbers—speeific gravity relation-
ships of these three separate gronps of fragments are shown in
individual frequency polvgons (text fignre 11) for purposes of
record.

The absence of a mode in the frequency polvgon for flange
fragments (text figure 11) is probably dne to low mmnubers,
while the serrated character of the frequency polygon for nonde-
seript fragments seems to he partly a result of derivation of
these fragments from several of the anstralite shape groups.
Seventy per cent. of the hollow-form fragments occur in the 238
to 2-39 specific gravity range, indicating that hollow forms
generally have lower specifie gravity values than most members
of the other australite shape groups. This is not entirely a
consequence of their gas content, becanse the fragments of the
hollow forms arve themselves relatively free of included gas
huhbles.

Compaved with similarly construeted frequency polyvgons
for the specific gravity values of 535 Port Campbell australites
(2ee Baker and orster, 1943, pp. 389-390), and for the weight
distribntion of complete anstralites from Port Campbell and
other localities (Baker and Forster, 1943, p. 393), the Nirranda
Strewnfield anstralites show  similar relationships.  For the
weights polygon the mode in each ocenrs at 1-50 grams, and
there ix a comparable distribution on the left-hand side of cach
mode, and a comparable distribution on the right-hand side of

TABLE VL
. S Average Range of Average i Range of
Number :\l\nll.l(?:»'illiv“l Specitie Specifie Specifie Npecifie
. X of’ oo tiravity Gravity Gravity ; Gravity
Strewnficld. Specineas “‘('t':::]]lil\“ for all for all of ol
Found. i : Valnes Valnes Complete Complete
o Determined. Determined., Forms. Forms,
Nirranda . 370 366 2-400 1 2-363 2-410 2-37
to (15D to
2474 spp.) 247
Port Campbhell 137 D73 el 2305 2104 2:33
to (233 to
2465 SPp-) bt g
Moonlizht Head 20 1o 24011 2N 2415 240
to (9 to

2- 135 spp.) 2-41
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cach mode. The  frequeney  polygons for the rvelationships
between specific gravity and total number of specimens for each
strewnfield arve also generally similar, while there are a few
minor variations awiong the specific gravity polvgons for <imilar
shape groups from cacli strewnfickd.

Relationships between the specific gravity values of  the
Nirranda, Port Campbell and Moonlight Tead  Strewnficlds
australites are shown in Table V1.

Fracrurr axD FRacMENTATION

The glassy natnre of australites makes them hable to ready
fracture, and 58 per cent. of the Nirvauda Strewntield australites
are fracture fragumeuts. The wmeans whereby any particular
anstralite has been fractured is uncertain, but some of the
possibilities are (1) fracture by inpact on lauding, (i) fracture
dne to impaet by other objects displaced during surface run-off
across the exposed aveas on which the australites were found.
(111) fracture resnlting from divurnal temperature changes, (iv)
fracture during usage by aborigies, and (v) fractnre or wear
m the gizzards of large native hirds (emus and bush turkeyvs).

Unweathered  fracture  surfaces  typically  teud  to be
conchoidal, with a warked ripple fracture on the enrved
surfaces,  Conchoidal  fractnring  produces  envved  zeguients
from the equatorial regions of the australites, aud these segments
sometimes  possess  still-attached  flange  renmmants,  sometimes
show a flange hand, and cometinmes <how neither of these features,
according to the shape gronp from which they were derived, or
according to the degree of abrasion suffered by an origimally
Hlanged fragment.

The resnlt of the fractiving process ix to produece various
kinds of fragments of different =ize and <hape, both from one
and the same, and from different anstvalite shape gronps.  Most
fragments retain sufficicut shape and structure to indicate the
particular shape group from which they were derived, hut a few
are elassified ax nondeseript because, although they way retain
recognizable renmants of anterior surface, of posterior snrface,
or of equatovial regions occasionally with flange remmnants, they
provide no clear indication of original <hape. Many noudeseript
fragments have beeu derived frou the inteviors of the hody
portions of australitex, and thns cannot be classified with any
particular =hape gronp siuce internal structures alone do not
serve to diseriminate oue shape group from another,
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The type of fracturing occurring in some australites is
depicted in text figure 12,

CONCHOIDAL
RIPPLE FRACTURE

FIGURE 12.

Sketch diagram illustrating the principal types of fracture in australites.

With the posterior smrface of the australite in contact with
a sinall steel anvil, repeated light blows in the front polar region
of the anterior =urface vielded chips showing conchoidal and
ripple fracture.  With sharper blows, a conteal-shaped core was
ultimately produced, having a greater proportion of posterior
surface than of anterior surface, and thus clogely resembling
the naturatly occurring conical cores (sce Plate T, figure 14).
This suggests that the glass of the secondarily formed anterior
surtfaces in australites is rather less mechanically stable than
that of posterior surfaces.  Morcover, since 87:5 per cent. of
specinents were found to have their anterior surfaces upwanrds,
the anterior surfaces are thus more exposed to  subaerial
weathering agents, once the australites have heen uncovered
from their soil environment. Anterior surtfaces also receive a
oreater proportion of dirvect sunlight, and since the coefficient
of thermal  conduetivity  of  australites  is low.,  hetween
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that of Darwin Glase (0-002) and that of artificial glass
(0-0005 cals./em/°CL), rate of heat transference is therefore
low, and so the exposed anterior sinfaces <honld he more liable
than posterior surfaces to cracking hy repeated expansion and
contraction,

Several stages in the development of fragimmentation produets
by a process of natural flaking and fracturing have been noted
among  the Nirmranda Strewnfield australites. The onset of
fracturing is marked in some specintens by the appearance of
fine, hain-like cracks (ef. Plate 1. fieme 7). These hecome
gradually widened and  deepened, partly by etehing, and in
thue deep, more or less parallel-sided grooves result (ef. Plate I,
figure 8, and Plate IV, fignre 21). The grooves oceasionally
form a crudely radial pattern on the anterior surface, as shown
m Plate TI, fignre 9. Sometimes they curve avound fromn
anterior to posterior smrfaces (Plate TV, figme 21) and sone-
thnes they tend to be parvallel with the equatorial periphery
(see right-hand side of Plate LI, fignre 10).  In conrse of time,
pleces of australites delineated by pronunent grooves hecome
fractured from the parent form, largely as a conseqnence of
strains and stresses set up by expansion and contraction caused
hy dinrnal changes of tetaperature.  Sinee most of the Nirranda
Strewntield australites were located on barren patches, they
have been extensively exposed to the full foree of the sun's rays
dnring the davtime, and remamed unprotected from the lower
temperatures prevailing at night-time.  Repeated expansion and
contraction could therefore well have heen responsible for partial
fracturing of the anstralites that poscess strongly-marked,
relatively deep grooves; such a process geems to have ocenrred
with some australite specimens.  The process is further aided
by the lodgment of ¢lay and fine <and grains (mainly quartz) in
the grooves, accompanied by continned etehing.  The forces
exerted by differential expansion hetween the material in the
grooves and the adjoining australite glass would nltimately lead
to fracturing away of any portions outhined hy grooves.
Sintilarly, ¢lay and fine =and are =ometimes wedged and or
cemented into hnbble pits.

The importance of the existence of strain lines in aunstralite
glass as a factor contributing to their fragmentation. once they
becanme exposed to atmospheric agencies. receives support from
Hammond’s (1950, p. 272) work on the compressive and tensional
strains in non-homogeneous glass<.  Iammond has shown that
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even a scrateh on the surface of highly strained glass may cause
disintegration.  The glass ot australites is not in a state of high
strain, but that the glass is not completely homogeneous and is
nnder some strain s proved by the faet that all forms arve
completely  tlow-lined, with certain of the flow-lined areas
exhibiting weak hirefringence and undnlose extinetion under the
petrological microscope.  Opportunities for seratehing to imtiate
fragmentation are plentiful on the wind-swept, rain-washed
saudy portions of anstralite-bearing patches of gronnd.

The breaking away of flanges, rarely ax complete entities
(Plate 1, figures 4 and 5). move frequently as small pieces, is
one of the most common featnres of anstralite fragmentation.
Fracturing here is largely hrought about as a dirveet result of
differential expansion of clay particles and sand grains wedged
i the narrow gap separating the equatorial peripheries of the
posterior surfaces of anstralites from the partially overhanging
neck snrface (ef. text fignre 15) of the flanges. The process of
flange separation by fractnring is assisted by the faet that the
planes  of nmion between the flange and  body  portions  of
australites ave the least mechanically stable of all australite
structnres, for here the glass s thin, and often a position where
etehing processes have heen active,

The  fracture and  fragmentation of  hollow  forms  of
anstralites, and the development of the flaked equatorial zones
on the larger cores, have been referred to earhier

SCULPTURE PATTERNS AND KreHING Krreers

The  =enlpture patterns  of  the  Nirranda  Strewnfield
australites consist of varving combinations of flow Hnes, How
ridges, grooves, small Iml»l)lv pits and larger bubble eraters.
These featnres are not as well shown as on tlw majority of the
Port Camphell anstralites, because of more marked destrnetion
by abrasion.  Internal stinetnres, however, show eqnally s
complex flow-line patterns, as can he seen from the photographs
of two thin seetions of lens-shaped anstralites (Plate V| figires
26 and 27), and as <hown on the walls of deeper grooves that are
hetter protected from abrasion bhut exposed to etehing solutions,

[t has not yet been conelnsively proved whether the external
senlptivve of tektites 1= a primary feature gencrated prior to
and, or durimg atmospherie flight, or whether it s entirely a
secondary featwre bronght about hy natural etehing, by =oil
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solutions.  As observed on the external surfaces of Aunstralian
tektites, it scems that sceulptnre patterns are manifestations of
mternal structures, and are at least accentnated by natural
etehing  under  certain couditions,  practically  destvoved by
abrasion under other couditions. The apperance of an anstralite
at the time of its discovery thus depends npon whether etehing
processes or abrasion had been dominant.  There is no doubt,
however, that the genlpture patterns obscerved ou the external
surfaces of australites and fracture fragueats of anstvalites
depend upon the natuve of their flow-lined iuteriors.  This is
proved by the following  observations—(i) when they are
artificially fractuved, anstralites show highly vitreons, relatively
smooth, convex and  concave surfaces, occasionally  with  a
snbsidiary  ripple fractwe pattern, (i1) natnrally  fractured
siurfaces of some antignity frequently show flow-line patterns
and pits, and all have lost theiv vitveous Tustre, (iil) when dull,
abraded aunstralites ave etehed in the labovatory, a sculpture
pattern composed of flow lines, pits and shallow grooves is very
well bronght out, aceovding to the time of immersion and the
strength of the etehing solution. At the same time, the dnlled
surface hecomes inereaxingly Instrous, althongh never as highly
vitreous nor as evenly smooth in appeavauce as freshly fractured
surfaces.

Artificial etehing tests have vielded some interesting results.
An oval-shaped australite (Plate IV, figures 24 and 25) frow
the Nirranda Strewnfield, had, when first discovered, dulled and
saimoothly worn exterunal surfaces. 1t showed occasional ill-
defined <hallow pits and worn down flow ridges on the anterior
«iirface, and poorly marked bubble pits and flow grooves on the
posterior surface. The glass between these senlpture elements
showed a very minute pitting as revealed nnder a x10 hand lens.
This specinmen was immersed in 4 per cent. hydrofluorie acid at
21-87C. for 643 hours, in xuch a way that all of the anterior
curface and half of the posteriov surface were innmersed.  After
G414 hours, the temperature neasured 20-5 €., and after washing
and dryving the speeiiien, re-weighing revealed a loss in weight
of 0-397 grams.  If the concentration of the hydrofluorie acid
did not vary appreciably during this period, the anstralite glass
dixsolved at an approximate rate of 0-006 grams per hour. The
non-imersed  portious  of the specimen remained  virtually
unaffected, except for <light attack by acid fuames. This portion
thus still shows the dull, abraded surface that was evident all
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over the specimen when it was disecovered on the ground.  On
the innmersed portion, however, the former dnll character has
vanished, and the specimen appears fresh and new (Plate IV,
fignres 240 and 23).  Ltehing ocenrred differentially along flow
line direetions, bringing out the seulpture pattern partienlarly
well. Deeper etehing along <ome flow line directions produced
rather deeper flow  channels.  Clozer examination  of  these
channels  reveals that =ome  have a  vermicenlar  segmented
appearance ax though composed of strings of small bnbble
depressions in contact,  Other etehing effects are the aceentuation
and deepening of certain bnbble pits,

The fact that minor amonnts of differential etehing ocenrred
m the hydrotluorie acid points to <light variations in composition
along flow Tine direetions.  Presmuably soniewhat deeper etehing
wits directed along streaks of anstralite glass richer in silica,
showing that flow-lined australites are not entively composed of
strictly homogencons glass, Tn the mtial phase of the formation
of anstralite glass there has therefore not heen complete and
thorongh mixing of the original ingredients, snggesting rapid
fi=ion at relatively high temperatures, followed by rapid cooling.
[ the eteh test deseribed abeve, it has not heen possible to deteet
whether one or the other of the anterior or posterior snrfaces
respectively becawe more deeply etehed. The eve cannot deteet
any =ignificautly marked attack of greater degree on one snrface
wore than on the other. even with the atd of a hand lens. It
wollld thus appear that little, if any, chemical variations exist
between anterior and posterior surfaces respectively, althongh
there may he physical differences; inasmuneh as it is suspected
fromc other evidence (ef. Fenner, 1935, p. 132) that the glass near
and at the anterior snrface, and the glass of the tlange, may he
rather less mechameatly stable than the glass composing the rest
of the anstralite,

Fvidently nataral eteling only affects thoxe australites that
ocenr in posttions favonrably <itnated for attack by weak acidie
soltionz, enabled to act over a period embracing the last few
thousand years of Recent geological time.  Such favonrable
positions require hnrial in soils or other surficial waterials where
cteling olntions were available. Anstralite specimens displaying
accentuated =culpture patterns on discovery evidently have heen
recently released from their soil enviromnent, while those with
poorly marked senlptinre patterns. or none at all, were released
long ago, and in the meantnne have heen exposed to the action of
varions abrasive agents,
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Dubble Pits,

Kteling experiments with australite glass, using 4 per cent.
ll\(h()ﬂumu' acid, have shown  that Hw smaller pits can he
initiated and aceentnated on the worn external surfaces of
australites. They develop above fubes of glass of slightly more
acidic composition, such tubes of glass being evident in thin
seetions of anstralites hy virtue of slight differences in refractive
index values, comparved 1o neighhonrving parts of anstealite glass.
The eteh pits so produced tend to resemble sonte of the smaller
depressions that have hecome regarvded as the npressions lefd
by the escape of very small gas lml»l»lv.\ on the primary surfaces
of anstralites, and which are now preserved on posterior snrfaces
only, provided those snrfaces have not heen unduly weathered,

The larger civeular o oval-shaped depressions on posterior
surfaces of the hody portions of australites (ef. Plate I, fignres
2 and 6, Plate 111, figrre 12) ave aceepted herein as representing
positions of gas bubble excape, and from a study of their radii
and ares of curvatnre (see later) the posterior snrfaces are
considered to be remmant portions of the original primary forms
of australites.  The presence of bubble pits on the original
surfaces  of  these  primarvy  forms  wonld  point  to  high
temperatures of formation, and possibly some hoiling at the
snrface.

Bubble pits are seldom enconntered npou the posterior
surlaces of flanges, but minnte eteh pits arve present (Plate 1,
figure 2).  Bubble pits are also infrequent featnres of antervior
snrfaces generally, <o that they are thus relatively incouumon
upoi all of the stinetures of australites that have had a seeondar v
ovigin. The hubble pits that do appear oceasionally on anterior
surfaces conld well represeut internal bnbbles (sometimes seen
in thin sections) that have bhecome exposed at the surface on the
particular levels {o whiclh a process of sheet fusion and ablation
had progressed (ef. DBaker, 1944, Plate 1, figure 4).  Thix
sngeestion receives support from the ob=ervation that some such
bubble pits reveal evidenee of inward collapse against pressnre.
They sometimes show mrolling of the npper edges of the collapsed
huhble pit walls, nder the influence of the ‘wum(l‘ll‘\ phasze of
nielting of thin surface films and other processes responsible for
the formation of anterior snrfaces.  More open pits in this
category sometines show a swall pyramid of glass at the bottom
of the collapsed hnhble pit.
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Flow Ridges.

Flow ridges (Plate I. figures 1 and 8, Plate LV, figure 19)
are characteristic of the anterior surfaces (i.e. front or
forwardly directed during Hight) of australites.  In fact they
are invariably confined to the anterior surfaces of the hody
portions and the flange portions, where flanges are still present.
Their distribution is remarkably regular over the major portion
of the anterior surface of any particular australite, but their
shape and distribution vary a little in the different australite
<hape gronps where flow ridges are developed, variation being
aceording 1o the particalar forms upon which they have heen
cenerated.  The spacing apavt of the flow ridges varies from
2 to 4 mum, but the distance from crest to erest across the
intervening shallow troughs ix more usually approximately 3 nun.

The smaller forms of lens-<haped australites  (Plate 1,
figurre 3) seldom have flow ridges preserved, larger forms such
as * bungs U and large corex (Plate IIT) evidently did not
develop flow ridges. It ix therefore only on forms of interediate
size that How ridges arve to he observed—forms such ax the
huttons, the Larger of the lenses, the ovals, and some of the hoats,
canoes, teardrops and dimb-hells.  Thix indicates that there ix
an optinmm size requisite for flow ridge development.  Forms
without tlow ridges in the shape groups where flow ridges are a
characteristic feature of anterior surfaces have had  them
obliterated by weathering upon the earth’s surface.

Among the Nirranda Strewnfield australites are 100 complete
o1 nearly complete forms (i.e. 37 perr cent. of the total mnnber
discovered) that reveal the tlow ridges in a sufficiently preserved
<tate for their character to he determined.  Several fragments
from this strewnfield show parts of flow ridges on their broken
anterior snrfaces, but there ix never enough preserved to decide
whether the complete flow ridges were originally concentrie or
<piral in arrangement.

Coneentrie (Plate 1, figure 8) and spirvally arranged {low
ridges are present on the Nirranda Strewnfield australites in the
proportions <hown in Table VT1. Some of the =piral flow ridges
are arraneed ina clockwize faghion, others are counter-cloekwise
( Plate I, figure 1),

In comparizon with the pereentage shown in Table VL
Fenmer (1934, p. 74) fonnd that of 75 buttons selected at random
from the Shaw Colleetion, 42 (ie. 56 per cent.) had coneentrie
flow ridees, while 18 (24 per cent.) were anticlockwixe spirval,
ad 15 (20 per cent.) were cloekwise spiral.
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[ addition to the main types listed in Table VL, an unnsual

and rave varviety of flow vidge is erudely radially arranged on a
large fragient from a hollow forn (1830).

TABLE VII.

FFlow Ridge Arrangement. Per cent.
- |
] |
Concentric .. .. .. N .. .. e 16
:
Anti-elockwise spiral .. . .. N .. o 27
Clockwise spiral . . .. . . . 2y

Double spiral I specinien

Normally the spiral flow ridges comuence near the front
poles of the anterior sirfaces, and continue more or less
nuinterruptedly nntil they merge into the equatovial periphery
of the specimens (fext fignres 138 and 13¢).  Generally there is
thus one continmons ridge on cach of the austrahites having spiral
How ridges. One specimen (KE887) among the Nirranda Strewn-
fiecld australites, however, isx unnsual i possessing two open
spiral ridges (text fignre 13p) arranged in a manner simulating
the two arms of certain spiral nebnlae,

The number of concentrie flow ridges on australites is a little
variable.  Some of the very small lenses are fnndamentally too
stall to show flow ridges, slightly larger specimens may have one
concentrie low ridge onty.  Larger lenses and most hutton-shaped
australites, also several oval-<haped forms of comparvable size,
egenerally have two or three, sometimes four, concentrie flow
ridges.  Occaxionally the outernost flow ridge coineides with the
rint of formx that do not possess flanges.  In the larger of the
flanged button- and oval-shaped australites, the existence of a
egreater number of flow ridges than usnal ix iudicated by the
complex merging and interlacing of =everal ridges in the
equatorial regions; prineipally on aid near the anterior surfaces
of the attached flanges, where complicated wavy  flow-ridge
patterns  have been generated.  Sectional  aspects of  such
speciniens (ef. Plate VI, figure 28) reveal the presence of five
or xix, sowetimes seven, flow ridges for the form asx a whole.
Spiral flow ridges do not show such wmarked ecrennlation on
reaching the equatorial peripheries.
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A few (6 per cent.) of the button-, lens- aud oval-shaped
australites are siwmitavly finely pitted on both the anterior and
the posterior surtaces. They show no flow ridges charaeteristic
of antevior smrfaces, and none of the bubble pits that typify
posterior surfaces, hence, unless a tlange, flange remnants or
Hange band are present. it becomes impossible to deteet which 1s
the posterior and which the anterior surface.  In view of the
fact that the pitting ix of a very fine character, and very unlike
that of normally bubble-pitted surfaces, it seems that such
“two-snrface pitting 77 arises as an effect of rather extensive
weathering and etehing, rather than being the result of the action
of ageneies operating dnring the phase of atmospheric flight.

D

IOMM

FIGURE 13.

Diagrammatic representation of flow ridges on the anterior surfaces of
australites that are circular in plan aspect.

A — concentric flow ridges; B — spiral clockwise flow ridge; C — spiral anti-
clockwise flow ridge; D — double spiral flow ridges.

(F.P. indicates the front polar regions of each anterior surface. The small
dark, oval-shaped areas in figures B, C and D represent etch pits.)

In text figure 134, the flow ridge neavest the front pole of
the anstratite is sometimes sharvply marked, but often ill-defined
dne to snbsequent erosion. The ontermost flow ridge depicted is
shown ax being somewhat ** erinkled ' to indicate the onset of
the development of o wavy character hrought abont by several
flow  ridges runming  into one another uear the eqnatorial
periphery. The intermediate flow ridge shown in figure 13a is
most frequently the hest defived, largely because of less abrasion
1moats vieinity,
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Regarded from the front polar vegions. ontwards towards
the equatorvial limits of these low-ridged anstralites, the spiral
fow ridges can he pictured as deseending helical spirals, the apex
of which is at the front pole, the spival broadening ont towards
the equatorial cdge of the specimens, and the respective heights
of sneh spirals heing equivalent to the distance bhetween {he front
pole and the radical Hne* of cach anstralite possessing flow ridges
of thisx nature. IHeights of spiral flow ridges ave thos cquivalent
to the Tengths OM shown in text figire 19,

Few, if any, of the spiral flow ridges commence as sharply
marked ridges right at the front pole position of cach anstralite
possessing a spival tlow ridge (ef. Plate 1, fignre 1), They arve
often initiated from one side or the other, rarely from hoth sides,
of ann elongated etelr pit situated within the front polar region
(ef. text figures 138 and 13p).  The developnient of the spiral
character of flow vidges on these forms can he partly aceredited
to the presence and position of such pits, for they evidently affect
the smooth and regular flow wave motions generated in thin
films of plastic anstralite glass woving away under frontal
pressure from front polar to equatorial vegions, at any particular
stage of a process involving sheet fusion of anstralite glass, It
i diffiendt to assess exactly what effects variations in houndary
layer flow of the air in contact with the fast-moving australites
may have had upou sneh smrtace featnres as the How ridges. No
doubt they were partly respousible for their development, and
it seems probable that the charvacter and changing nature of
front surfaces;, which alter as the are of curvature of the forward
surface varies with degree of ablation, wonld have warked
effects npon variation in houndary laver flow, and this would be
reflected in the position and migration of Hlow ridges. Bonndary
layer flow associated with drag effects operating npon the front
surfaces of australites dnring supersonie flight, was evidently
such that taken in conjimetion with the development of eteh pits
i front polar regions, flow ridges with a spiral arrangement
could be generated without necessarily assigning their origin
to a process of rotation.  There certainly seems to he no need to
call upon rotation of australites during atmosphevie flight to
explain the more conmouly developed concentrie flow ridges, for

* The radical line is the line joining points of intersection of the two curved
surfaces (constituting the posterior and anterior surfaces in australiles (cf. text
figures 19 and 20), and is thus a measure of the diameter of the forms, provided
each circle passes through the front and back poles respectively.
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they would be formed as relatively regular features during a
state of maintained  steady flight. Possibly some wobbling
developed in forms containing spiral {low ridges: this could
cote about by certain bnffeting effeets ereated by tnrbulenee in
the air stream separating from the equatorial regions of sueh
anstralites.

The pits that ocenr in the front polar regions of some flow-
ridged anstralites (ef. text figure 13) are not necessarily all
pnormal bnbble pits. They conld well be eteh pits prodneed
during atmospherie ight by the removal of slightly Tess stable
contres of glags,  Bubble pits like those ou the posterior surfaces
of australites are normally rave featnres of anterior snrfaces,
and where enconntered, are most likely internal hubbles exposed
at a partiendar level reached at certain stages of ablation.  Formns
with concentrie flow ridges seldom show pits of any nature in
front  polar  regions, although  sowe  show shallow  grooves
rexulting from otehing (poxsibly while on the carth’s surface).
Some forms with spiral flow ridges reveal no eteh pits, hnt sueh
way have heen present in the inunediately preceding stage of
ablation, when the spiral ridges conld have been initiated. The
fact that eteh pits can be readily generated and accentnated by
artificial means, sneh as freatwent in 4 per cent. hydrofluorie
acid, snggests the likelihood that during ablation, certain levels
are reached in the glass of the anterior surfaces of australites,
where the glight inhomogeneities of certain parts lend themselves
to more ready removal, forming pits. Onee developed, these
pits conld then he partly responsible for the control of spiral
flow ridge development.  Under such a set of eirenmstances,
there is reasgon to suppose that at varions stages of anterior
<nface  ablation, one  and  the  same  australite conld  have
concentrie flow ridges at an carly stage, clockwize or anti-
clockwize spival flow ridges at a subsequent stage, and even revert
again to concentrie tlow ridges at a still later stage. A fonnd, the
several types of flow vidges noted ou anterior sivrfaces appear to
represent the end stages ol arvested flow wave plienomena,
developed just prior to final consolidation of the last films of
sceondarily re-melted anstralite glass produeed and foreed Trow
front polar to equatorial regions, over the snreface of relatively
un-heated, nndevlying glass, The sub-surface flow-line pattern,
however, is sueh as to indicate that glass has heen stripped from
How-trongh regions more than Trom flow-ridge regions, iu the
final stages of the development ol anterior surface sculpture.
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The foregoing remarks apply essentially to the developrent
of flow rvidges on the auterior surfaces of anstralites that are
civeular in plan and of a4 snitable size and <hape for their
Cormation. The fact that the larger vonnd forms of anstralifes,
namely the group of the ronnd cores, do not <how flow ridges,
indicates that there mnst he an optinm, ablation-vedneed size
of the priniary forms. at which flow ridges can he formed.  This
state is attained evidently after at least one half to two thirds of
the glass of the primary’ form has been ramoved by ablation.

Forms of anstralites in other <hape groups alzo show flow
ridges, and again they are developed on examples that are smaller
than the correspondingly shaped, non-flow-ridged  core (and
“hung ) forms. Boats and canoes (Plate IV, figime 19)
mainly show a tendeney for the formation of concentric flow
ridges, with a certain amonnt of ow-ridge-linkage in places,
due to interference where crowding ocenrs near the equatorial
cdges of the forms,

Complete dummb-hells and  teardrops among the Nirranda
Strewnfield anstralites show no flow ridges, partly because of
their xmall size, and partly becanse of destrnetion of sueh foatires
by abrasion of somewhat larger forms, One dimb-hell fragment,
representing one half of the original formn, shows one concentric
flow ridge constrieting towards the waist region,

A study of the fow ridge variation on the anterior surfaces
of certain  dumb-bell-shaped  australites from other  <ontli-
western Vietorian localities, provides substantial snpport for
the validity of the postulate that anterior snrfaces of australitos
as found, are secondary in development, and resulied from il
process of frontal melting and ablation during a non-rotational
phase of flight throngh the carth’s atmosphere. Text figure 14
illustrates this point,

Flow ridges on the specimen from Mt Willian (fext figmre
14, no. 1) oceur in two series that are cach concentrie in < nse,
being centred abont cach front pole and following the general
ontline of cach bulbous portion of the dimb-bell-<haped  forn,
The flow ridges hecome wrinkled and irregular dne to nnual
miterference near the onter peviphery of the anstralite, Moyt
figure 14, no. 28 shows the type of ridges developed on dumb-hell-
shaped forms that have been considerably ablated, and instead
of the anterior surface heing hi-polar as in text figure 14, no. 1,
the anterior portions of the bulbons ends have heen removed hy
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ablation. and the anterior snrface of the form as a whole has
hecome mono-polar, with the single front pole now sitnated
centrally. The flow ridges are arranged in a generally concentrie
mammer about the front pole, but show marked angularity near
the outer periphery.  The sketehes Ta and 2a of text figure 14
depict the side axpeets of these two forms. and reveal  the
relationship between the digposition of the flow ridges and the
nature of curvature of respeetive anterior snrfaces.

ISMMm

FIGURE 14.

Diagrammatic representation of flow ridges on the anterior surfaces of dumb-bell-
shaped australites.
(Flanges have been omitted from the sketches).
1A Three-dimensional side aspect of dumb-bell from Mit. Willlam, Grampians,
Victoria.
1B - Generalized plan aspect of the front surface of the form sketched in figure
1A. Based on figures 1 and 1B, Plate 5 of Dunn (1912).
9A  Three-dimensional side aspect of modified dumb-bell from Port Campbell,
Victoria.
9B - Generalized plan aspect of the front surface of the form sketched in figure
2A, and hased on a number of additional specimens.
The abbreviation F.P. indicates the position of the front polar regions in these
australites. Arrows indicate direction of propagation through the earth’s
atmosphere,
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Flow ridges ave tntimately connected with fHange-building
processes inanstralites, and added to the natire of the flow ridges,
the fact that these dumb-bell-shaped forms (text fignre  14)
posgess o remuants of {langes that in cach are more or less the
sane width in waist regions as around hnlhous portionsz, xtrongly
sngeests the possibility that rotation was not only unnecessary,
but most probably unlikely, during the phase of formation of
these How vidges and flanges.

The flow ridge patterns illustrated in text figuve 14 are
idealized diagrannmatically ; many forms of the dumb-bell-<haped
anstralites ocenr in which the flow ridges are rather more
irregnlar than ithastrated, dne to interfercuce with one another,
o1 at times, possibly dne to <light inhomogencities in the glass.
Moreover, there iz evidence among other exanples, from the
Port Campbell Strewnfield, for example, that there are several
modifications of the type depicted in text fignee 14, no. 2u.
One snech modification is that the flow ridges trend i paraliel
faxhion away from the front polar region of one only of the
original bulbons ends (ef. text figure 14, no. 18), extending
from this poxition transversely across the waist  region and
across the other hulbons portion.  In sneh a form, the second
bulbous portion is somewhat smaller and has a flatter are of
cnrvatnre for its anterior surface, thus indicating that rather
oreater amonnts of fusion and ablation ocenrred m o its front
polar region, and that it reached a stage of relative stability
hefore the first bulbons end.  Continned frontal fnsion in the
polar regions of thix larger bulbons end. then yvielded melted
glass that Howed more readily from its pole. in one direction
along the length of the form and thus across the sccond bulbons
portion, and in the diametrically  opposed direction to the
peripheral regions of the form,

Consideration of the side aspects of the two forms histrated
in text figure (nos. 1a and 2a), leads to the assumption that
it ix possible for two teardrop-shaped forms of anstralites to
resitlt fromr continned  ablation in the waist regions ot one
Jdnmb-bell-shaped anstralite.  Hence all teardvop-shaped foris
are not necessarily products of constriction and scparation in
regions of dmmb-bells during votation, ax advocated by Fenner
(1934, fignre 2, p. 65). The evidence provided by some of the
smaller teardrop-shaped australites could well be interpreted in
torms of the effects of surface tusion and ablation of thin wmelted
films on cold glassy bodies during the non-rotational end (i.e.
S 54.—12
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atmospherie) phase of the earthward flight of solid dmub-bell-
shaped australites.  Larger teardrops, however, provide evidence
of probably having entered the carth’s atmosphere ax already
well-developed  teardrop-shaped  bodies of glass, produced as
<uch from dwnb-bells during the phaze of development of the
primary forms ax rotating, completely molten glaxsy hodies in an
extra-terrestrial environment.

The relationship between the arrangement of flow ridges and
the trends of flow lnes on the anterior surfaces of the flow-ridged
anstralites, ix of considerable significance to any postulate
<ceking a solution as to whether or not australites rotated
through the carth’s atwmosphere doring the period when their
secondarily developed anterior surfaces were under prodnction.
At the ontset, this relationship is regarded herein in its simplest
forun, =o that any minor irregnlavities and complexities die to
interference of flow line trends, such as slight inhomogeneities
in the glass itsclf, or the enconmtering of small internal bubbles
at various levels of the ablation process, have heen purposely
overlooked in making generalizations coneerning the relationships
between flow  ridges and  flow lines on anterior surfaces.
It can he observed on  the anterior smrfaces  of  many
australites  (e.g. K755, K760, K836, K837, 18926, K971,
191025, 151040), that such fine flow lines as ave present, cut
right across the flow ridges withont any displacement in trend,
no matter whether the flow ridges are concentrie or spiral,
These fine flow lines mainly arise in the front polar regions of
anterior snrfaces, aud tend to radiate out towards the eqnatorial
edge of cach form. The flow lineg are thus at right angles to the
flow ridges on the eurved anterior surfaces; they are never
parallel with them, nor do they anywhere appear obliquely
tangential to the flow ridges. I rotation had ocemrred during
the pertod of formation of the flow ridges, then the flow Hines,
more partienlarly than the flow ridges, wonld he expected to
show spiral trends. None of the flow line patterns on anterior
<nrfaces <how  any  tendeney  whatsoever to be spural  in
arrangentent. This fact provides au additional pointer to the
probability that australites did not of necessity rotate throughout
the whole period of their transit through the eartl's atmosphere.
The formation of flow ridges and associated radial tlow line
trends, aud the intiwmate comtection between fHow ridges and
flange-huilding proceszes. thus seem to he manifestations of the
nature of the wovemeut of thin filins of sccondarily melted glass
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mder the inflnence of fromtal pressure and drag, acting on the
outwardly curved fovward surfaces of non-rotating hodies of

australite glass.

Flow Lines.

The flow-line divections of anstralite glass are made evideut
o1 the surfaces of differeut forms by the presence of fine, narrow,
thread-like streaks and channels, in most parts accentnated by
natuval etehing,  Flow-lue patterns alko become well-marked
ou naturally etehed fractie fragments of anstralites.  In thin
sections of anstralites; the flow lnes are prononeed under certain
conditions of lighting, ax long, slender streaks of glass whicl
have slightly diffevent vefrvactive index valies to neighbouring
elaxs, and in parts show strain polarization.

The patterns formed by the flow lines are vaviable and
vemarkably complex within the body portions of  australites
(Plate V), figures 26 and 27).  Within the flanges, they are
usnally maanged iu spival fashion (see Baker, 1944, Plates 1
to LIT), and often show puckered complications in the ¢hin
regions due to the jamming and coutortion of warmer glass
moving in against cooley glase (ef. Baker, 1944, Plate 1
figures 2, 3,5, 6 and 7). Some of these flow-line pattems iu
Hanges are gnite clearvly defined on several natnvally etehed
flange fragments from the Nirranda Strewnfield,

On the external smfaces of non-fractured  anstvalites,
flow-line divections trend radially: ontwards from the front pole
ou anterior =nrfaces.  They are concentrie on the posterior
surfaces of flanges (ef. text fignre 15), and also on the neck
surfaces of flanges, where they rvepresent the onterops of the
mternal spiral and puckered flow hines. Flow lines are not
chavacteristie features of the posterior snrtfaces of body portious,
unless  abrasion, tollowed by prolonged natural etehing, has
removed the onter primary =nrface and thus exposed lower
lavers of the interior.  Flow-lne patterns generated in this way
usnally reveal the complexity of the internal flow-line structures,
A few of the Nivranda Strewnfickd australites (c.g. reg. no.
1£1022), like certain australites from other strewnficlds, possess
oceasional simoother, non-pitted, cireular to ovate swirvls that
reveal ivvegnlar spival flow-lining (Plate 111, fignre 15). These
swirls are surrounded by the characteristically  bubble-pitted
regions of posterior snrfaces. ’I'hf*.\' ave evidently arveas of the
primary surface that escaped lmi.]mg 01 gas accumulation, and
probably represent rather more viscous portions of molten glaxs
that became swirled abont in a quite local vortex motion,
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The internal flow-line pattern of an australite button is
<hown diagrammatically in text figure 15, in order to hring out
the relationship of the conmplexities of the interior compated
with the more simplified patterns on the outside  smrface.
Portion of the posterior and neek swrfaces of the flange have
heen included to show these relationships for the flange i
particular. The terms = ehing  neek " and * xeat ™ cnmployed
in text figure 13, have been deseribed elsewhere (Baker, 1944,
b. 8).
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FIGURE 15.

Diagrammatic representation of a vertical section taken between the polar plane
and the equatorial region of a flanged australite button. Arrow indicates direction
of propagation through the earth’s atmosphere.

The  complex  character of  the  primary internal fiow
<troctures is indicated in the body o1 core portion in text hgure
15. and shown in greater detail in Plate VI figoree 28, There
i< a tendeney on the posterior portion of the hody for flow Hines
to indicate streaming towards the haxex of hubble pits, whereas
the complex internal flow-line pattern iz frequently eat off
abruptly by the secondarily  developed flow Hinesand flow
tronghs of the anterior =nrface portionz.  The ontermost thin
film of australite glazs on the anterior smface, <hows a trend
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of secondary flow lines away from the front polar vegions towavds
cquatorial regions where the lange i< bnilt up; this trend of
Ii()\\: llmex ix best observed in the partially ablated * seat ™
regions,

A most characteristie and significant featnre of the internal
flow lines of the flange is the generally coiled or spival patteru.
The outerops of these Hlow lines on the posterior and neck
surfaces of the flange, generally provide concentrie flow-line
patterus, irrespective of shape group, so that these external
flow lines are parallel to the onter (aud inmer) edges of fHanges,
which themselves are parallel to the outline of the form to whicl
they are attached in any particular shape gronp.

The plane spival chanacter of the internal How lines of any
one flange ix maihmtaived all vonnd the Hange—uo matter in
which poxition a vertical radial seetion is made throngh a Hange.
this spival chavacter remains evident, with only minor variations
from place to place in one and the same fange.  This faet,
added to the concentrie natnre of these flow Hnes on the external
surfaces of the flange, imdicates that the flange structures have
beeu formed hy the streaming in and over of glass secondarily
melted from the front pole (i.e. from the region of the arrow in
text figmre 15), and foreed under pressure towards eqnatorial
FeCTONS,

Boundary layer flow in the medinum (earths atmospheve)
through which the anstralites had a snpersonie trajectory, is
considered to have been partly vesponsible for the strinetures of
anterior surfaces of hody and flange.  Where the honndary layers
separated from contact with the objeet. at the ontermost edge
of the flange, turbulence was created (ef. Plate VI fignre 28),
with the development of eddy envrents in the Tow pressure region
inmediately behind the flange. These eddy carrents are regarded
as being responsible for shaping the cooling Hlange glass into
the form we know it. and they probably  accoomt for the
generally sntooth natnre and often =hightly concave character
of the posterior surfaces of Hanges. Here again, it seems
uunecessary to mvoke rvapid spinning abont a vertieal axis,
to acconnt for the developnmient of these particnlar secondary
features of anstrahtes. ITu faet, it ix more than likely that the
spirvally coiled anmular band of glass constituting a flange wonld
not reveal the structires present if rotation had  ocenrred
throughont flange-hnilding.  Morcover, during rotation, liquid
glass should largely have been thrown off by centrifngal forees,
and thns be unavailable for extensive Hange formation,



110 NIRRANDA STREWNFIELD AUSTRALITES

Tuternal flow lines constitute the major internal structures
of anstralites (ef. Plate V. figures 26 and 27).  Associated with
them are less connnon features such as small internal hubbles,
larger interual bubbles (Plate TT, fignre 11) and rave, minute
lechatelicvite particles.  Where drawn-out. the lechatelierite
particles contribute to the tlow streaks in australite elass, and
where exceedingly drawn-out, small bubbles do likewise, while
the larger internal hubbles ent diveetly across the internal flow
strnetures (ef. Baker, 1944 Plate 1, fignre 12). These features
have been dealt with in some detail elsewhere (ef. Barnes, 1940,
Jaker. 1944), and studies of similar featnres in the Nirvanda
Strewnfield australites bear out the conclusions drawn from
these carher studies.

(:rooves.

The grooves on the smfaces of  anstralites have  been
roferred to carlier, in conmexion with the control they exert in
the process of fragmentation of anstralites. The origin of
these grooves on 1(»1\11‘[0\ generally has been the snbjeet fnr mneh
(l(»]m{(‘. and the deeper grooves and channels have heen vanionsly
referved  to in tektite literatnre as  ** hubble orooves
“ bhubble tracks ", saw-marks Tt saw-ents U 1\1111'0—111:11'1{5
cannelnres . ¢ eanals L How-grooves T ¢ gontticres T
“oontters T furrows ULt open channels o and f erevasses.”

. e

The evidenee for the origin of these grooves in the Nirranda
Strewnfield anstralites points to development by natiral etehing
along How-line direetions (i.e. mostly along lines of strain).
Shallow chanmels are at fivst developed, and with progressive
ctehing, aided by dinmrnal feniperature changes and the effeets
of differential expansion and contraction of foreign materials
that hecome lodged in these channels, oceaxionally resnlting in
the spalling away of narrow slivers of aunstralite glass from the
walls, the grooves thng become widened and deepened. These
grooves are thns fundamentally  flow-grooves."" inasimnel as
flow-line direetions in the australite glass control the positions
of their initiation.  Along the flow-hne divections the anstiralite
elass s morve siliceous, ax evidenced from optical characteristies,
and lenee it ix more readily dizzolved ont by the etehing solntions
in soils, Oceasionally, the flow-line diveetions are marked by
asociated <trings of =mall bubbless; these wonld provide sites
for the lodgment of =mall quantities of etehing solntions, and
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the resulting grooves have a segmented appearance, A few
grooves scem to have been single hubbles, now drawn-out into
very long slender shapes; sneh types ave more typical of the
“tails 7 of teardrvop-shaped anstralites.

Not all the grooves on the surfaces of anstralites follow
flow-line directions.  Some represent the positions of original
fine fracture lines that ent right across flow-line direetions, and
have evidently heen deepened and widened by etehing; flow-line
patterns continne on cither side of sueh grooves, with no

apparent  displacement. The bottoms of most grooves arve
generally  simooth and rounded downwards, so that in cross-
sectional  aspeet, they are deeply  U-shaped. Some of  the

grooves on the Nirranda Strewnfield anstralites, however, tend
to be more or less flat at the bottom, and i rare examples they
tend to be convex upwards (e.g. in reg. no. 191052).

Sonte of the grooves pass inwards from the exterior of
certain speeimens for as much as 1-5 cms,, and as deeply ax 025
. from the smeface.  Sometimes they extend superficially
from the equatorial edge to the front polar vegions of anterior
snrfaces (Plate T figure 9), in radial fashion, and thus parallel
the general direetions of the radial flow Tines. "The fine and and
clay constituents that invariably become wedged into the grooves
are sometimes looxe and incoherent, but in some grooves (and
occasionally in some bubble pits on posterior snrfaces, and in
the gap betwen flange and  body  of  Hanged forms)  these
constituents have  become  firmly  cemented  in place  and
compacted by siliceous and iron hydroxide cementing materials,
The fine sand and clay constitnents mateh those of the =oils in
which the australites were embedded. and =0 arve terrestrial
prodiets in no way connected with the origin of australite
glass,

OPTICAT, PROPERTIIES
Complete or nearly complete australites, and the farger of
the fragments are piteh-black in colonr, but thin fragments are
translneent and brownish-green in colour when held up to a
light.

The glass comprising the Nirranda Strewnfield australites,
ix pale vellowish-green in colour as observed in thin sections,
[t i2 practically izotropic under c¢rossed nicols of the petrological
microscope, except for minor streaks along some  flow-line
directions.  These  streaks exhibit very limited and weak
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hivefringence, and the fact that extinetion ix seei in places to be
distinetly undulose. more particularly with the aid of a sensitive
tint plate. indicates a certain amount of strain i parts of the

olass,

No ervstallites or allied hodies have heen observed i thin
<cetions nuder the petrological microscope, and  no opague
minevals are vevealed in polished snrfaces examined nnder the
refleetion microscope.  Apart from internal tow Tines with
slightly variable refractive index valnes compared to the rest
of the glaxs (Plate V. fignres 26 and 27). the only other features
of thin sections of the glass are rare. minnte gas hubbles and
even more rare partially dvawn-ont  lechatelierite  particles.
Only two of the Nirranda Strewnficld anstralites, however, were
Jiced for the prepmeation of thin sections, hnt these reveal
little difference to =ome three dozen thin sections of  Port
Campbell Strewntield anstralites, as far as colonr, internal
How lines. lack of inclusions apart from lechateliervite particles
ceneval izotropism and the presenee of a few =iall gax hithbhles
are concerned.

Refractive  index ueasnrements  of  the  glass of  three
Nirranda Strewnfield anstralites used for chemical analysis show
a range from 1-511 to 1-513, compared to a range of 1-513 to
1-:315 for those of three chemically analysed Port Campbell
Strewnfield  anstralites, Inasmineh as these three Nirranda
examples have slightly lower rvefractive mdex valnes, it iz to
he expected from Spencer’s (1939, p. 425) ohservations that ax
SiO. inereases in natnral glasses, speeifie gravity and refractive
index decreasce. then they shonld he a little more acidic than the
Port Cannpbell examples. Table VLT shows these relationships
hetween SiO.. specific gravity and refractive index for anstralite
olass from the two strewnficlds, with SiO-—=pecifie gravity
relationships for an analysed =pecimen from PPeterborongh added
for compari=on.

The Nirranda examples are more acidie than those seleeted
for analvsis from Port Campbell, and the trend  noted hyv
Spencer (1939) for other natnral olasses ix again evident from
Table VLI for the specific gravity and refractive index valies
are lower for a greater SiO: content, Nthongh itx refractive
index valne is unknown. a similar trend s indicated by the
specific  gravity  Si0. velationships for the Peterborongh
exanple, where the speeifie gravity iz even lower for o still
higher SO content. In the field. the most acidic austvalite
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Prom: these three localities, ocenrvred inan intermediate position.
Peterborough being approximately midway hetween the sites
nf greatest anstralite concentration in the Nirranda and Port
Camphell Strewnfields respectively,  These examples therefore

TABLE VIII.

Nirranda
Strewntield,

Port Cannplud!

reterhoron.s 1
Peterborongh, Strev nfield,

SO, content .. . .. 7590 79-91 771 o(iZ

Spectfie gravity in the powdered form

(at 18 (') N . - 2308 2370 2127
Refractive Index .. . .. 1-511 to % 213 to
-ol13 | N5

* No material available for determination, and refractive index value not given
in the literature (Summers, 1913).

do not show the trend of provineial distribution of anstralites
that is evident across the Anstralian continent (Sunmers, 1909,
p. 437, Baker and Forster, 1943, p. 394).  Tlowever, this is not
very xigntficant in itselt, when it is remembered that the three
examples ilnstrated above are from a relatively small area only
25 miles Tong, Suelt an area constitntes bt a very small portion
of the vast  Anstralian  Strewnfield,  where  generalizations
concerning  provineial  distribution  according  to chentical
composition, refer to a length of some 2,000 miles across the
continent, and an arca of approximately 2,000,000 sqnare miles.

CHEMICAL COMPOSITION

Approximately 5 grams of  australite  glass {rom the
Stanltope™s  DBay locahity i the Nirranda  Strewntfield  were
chiosen to inehide the flange portion and hody portion of bhutton-
<haped australites. With thix end in view, xeven fragments were
selected—three bntton core fragments. two flange fragments,
one fragment representing half a hutton core withont Aange,
and one lm‘mm fragment with Hange remmants attached. llw.w
represent registered nos, K740, K742, [S765, 19769, K822, 19824
and K832 in the National Mnsenmm Collection, Melbourne, Al
the material was nsed m chentical analvsis and refractive index
deternmnations, The specimens were caretully freed of all
extrancons foreign material prior to erushing for analysis,
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For comparizon, similarly selected material from the Loch
Ard Gorge arvea, south-cast of Port Campbell township, was
treated in like mamer. The chemical analyses were carried out
by Mr. (¢ Carlos. The results are set out in Table X,
together with an carlier analysis of an anstralite (shape not
stated) from Curdie’s Inlet, Peterborough.

TABLE IX.
4 1 2 3

10, . . .. . 7590 71-62 ‘ 7951
AVIEOR 10-83 1368 1056
Fe,Oy .. . .. . 1-48 08D 0-60
KeO . . .. .. 107 4-90 3-11
MgO 1-12 215 1-35
(a0 . . .. o 2-91 324 148
Na,0 .. .. . ! 0-92 0-98 0-91
X,0 . . .. N 169 190 1:25
ILO () .. . - . 011 010 019
1LO () .. .. o .. Nil Nil Nil
0, . . . . 060 0-5H3 063
MnO . . . . 0-06 0-05 0-006
11,0 . - . . .. . sltr.
170 . . .. .. Nil Nil Nil
0, . . .. .. Nil Nil Nil
SO, .. . .. .. Nil Nil Nil
(€1l .. . .. N Nil Nil Nil
N10 .. . .. ! .. .. Nil
BaO . .. . e .. .. Nil
("o0) .. . - . . . Nil

Total . .. .. 100-02 10000 G965
Sp. G powder . .. J 2398 2427 2-370
R.1. .. . . .. 1-511 to 1:513 to

1-513 1-51H

1. Australite glass from north-east corner of Stanhope's Bay., 15 miles south-
east of Warrnambool, South-western Victoria. (Anal. G. C. Carlos.)

9 Australite glass from Loch Ard Gorge distriet, 14 miles south-ecast of Port
Campbell, South-western Victoria. (Anal. G. C. Carlos.)

3. Australite glass from Curdie’s Inlet, Peterborough, South-western Victoria.
(Anal. G. A. Ampt, see Summers, 1913, p. 190.)
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Principal variation in the australite glass analysed from the
ahove three localitios (see Table IX) in South-western Vietoria,
15 i the silica content, that for the Nirranda Strewnfield
australite glass (i.e. Stanhope’s Bay analysix) being intermediate
i amount to those for the Port Camphell and Peterhorough
examples, Motal iron ix a little variable, likewise the state of
oxidation of the iron.  Lime, magnesia, alumina and the alkalies,
sliow Tittle variation from example to example, while the oxides
of the minor clements are equally Tow in the three analvses.

CURVATURE AND RELATIONSHIPS OF ANTERIOR
AND POSTERIOR SURFACES

Australites have a syimetry un-matehed among the various
components of the several tektite strewnfields of  the world,
and so far little has heen done 1o determine the nature and
relationships of the curvature of their two distinet surfaces—
posterior (rear) and anterior (forward) surfaces— separated
from cach other by flanges in certain forms (e.g. huttons, gone
ovals, &e. ), rims in some forms (e.g. lenses) and flaked equatorial
zones (Plate T figimres 13 and 16) in other forms (e.g. cores).
An elementary approach is made herein to the study of the
geometry of australites, in ovder to illustrate variability in the
cirvatures of the two different surfaces and to indicate their
prohable relationships to the primary forms from which the
shapes of aunstralites were derived.

The Nirranda Strewnfield provides a satisfactory number
of australites, in a  fair state ot preservation, for the
determination of the radii of curvature and the nature of the
ares of curvature of posterior and anterior surtaces of various
forms in the different shape groups.

The results obtaimed from radius of curvatine determinations
for these two surfaces have heen compared (i) one against the
other (text figure 18). (it) for the different shape groups (sce
Table X)), and also (1i1) for their relationships to diameter
and depth (text figures 23 to 26 and Table XT) mainly for the
round forus of australites.

Method of Oblaining Ares and Radit of Curvature.
The 1method of obtaining the ares and radii of curvature
of both posterior and anterior surtaces of sufficiently well-
preserved australites involved the nse of silhouette tracings of
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the various forms. Thix method was fonnd to he guicker and
more suitable than nsing a spherometer, hecause ot the slight
natural irregnlarities due to bubble pits, &eoon most of the
curved posterior surfaces of anstralites. and to flow ridges on
moxt enrved anterior surtfaces.

Fach anstralite was monnted with plasticene on a glass <lip
in the manner illustrated by text figure 16.

1 {OMM.

FIGURIS 16.

Sketeh of button-shaped australite mounted in position for deriving curvature
of anterior and posterior surfaces.
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Fach australite was adjusted in the beam of heht from o
brojector so that the plane containing its diameter was, as near
as could he arranged by eve, parallel with the diveetion of the
heaw.  Fach specimen was placed i timn at the foeal point of
the projector fenses, and the image thrown on to a mirror set at
5 and thenee down on to the working henell, A fter tracing
the sithonette in a convenient size (x3-75). and smoothing ont
minor ivregularities caused hy the presence of huhble pits and
flow ridges, cach anstralite wasx rotated to the 45 and 90
positions, when it wax fommd. for huttons, lenses and ronud cores.
that the sithouettes in these positions matehed  alnost exactly
the orviginal tracing. Thix indicates the maintenance of a similar
degree of carvatire over any one particular sieface, and <hows
that both the postevior and the anterior snvfaces cach form
portions of different hemispherical surfaces,

For elongate australites such as ovals, hoats. and canoes, two
diffevent sithonetie tracings (ef. text figure 20) were obtained for
two poxitions at right angles, corresponding to the major and
winor diameters of the forms. - Oue tracing therefore corresponds
to the onthine of a section taken in a plane at right angles to the
major diameter and containing the minor diameter and the depth.
and the other corresponds to the ontline of a seetion taken in a
plane at right angles to the minor dianmeter and containing the
major diameter and the depth. The major diameter is hereaftor
referred to as the length, and the minor diameter as the width
of the clongated australites.

For the dmub-bell and teardrop-shaped australites, onlv the
sithouette outlines of end-on aspects were traced, i.c. corves-
ponding to the ontline of a seetion taken in a plane at right angles
to the length and containing the maxinmmum width and maximumn
depth ot the bulthous portions of these forms,

For cach are of curvature obtained in  this way  for
hoth the antevior and  posterior surfaces of 215 anstralites
from the  Nirvanda  Strewntield,  three  chords  were  con-
structed, bisected. and - normals drawn through  the  mid-
points.  Most of these provided three  point  intersections.
some showed a small triangle of errov. With the  inter-
sections as foel, constructed civeles were superposed upor cach
arc of curvature obtained  from  the  sithouettes, and  in
wost there was perfect concordance, i a few. minoy departures
occurred towards the edges—i.e. in the equatorial regions where
the anterior <imrtaces of xonme flanges on Hanged forms,

were
slightly Hattened over a minor portion of the arve

of curvature,
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The ares of enrvatimee of the two surfaces of almoxt all of these
anstralites, are themselves minor ares of curvature, seldont heing
more than 30 per cent. of complete e¢iveles in ronnd forms, 45 per
cent. in end-on aspecets of ovals, boats, canoes, dumb-bells and
teardrops. and only 25 per cent. and less in side aspeets of the
clongate australites such as hoats and canoes.  The possibility
therefore exists that some of the ares of curvature antong ronnd
forms of australites could correspond to certain parts of the
ares of curvature of ellipses rather than of cireles (ef. text figure
21); in other words, some forms, especially the elongate formes,
have evidently heen derived from spherowds of revolntion (text
fignies 31 and 32), and not all from spheres (text fignre 30).
IF'rom the nature of the ares of curvature for australites
moxt likely to have been derived origimally from spheres, it 1s
evident that anyv vertical section entting through the anterior
snrtace,  throngh  the  posterior  snrface and throngh the

F1GURE 17.

Sketch illusirating nature of planes in a round-form of australite, where the
anterior and posterior surfaces form the minor arves of two intersecting coaxal
circles,

cquatorial regions of these vound forms (i.c. forms that are
circuls i plan aspeet), will show  the enrvatures of  the
anterior and  posterior sifaces as the minor ares of {wo
imterseeting, virtually coaxal eireles (see text figure 17).
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Only radial scetions passing throngh the front pole (M in
text figure 17) and hack pole (N in text figure 17), will provide
a true measuwre of the waximum depth and diameter valnes
(le. NM and KL respectively iu text fignre 17). The plane
KNLM in text figure 17 is one sueh radial sceetion; the plane
containing NM is another,  All vertical scetions parallel to the
plane containing NM will have a generally similar shape, huat
will he of smaller size, and hence will not give true measnres
of the depth and diameter values.  The  horizontal plane
containing the radical line K1, (plane shown ax solid black in
text figure 17) is of circular outline, similarly all other parallel
(but smaller) planes above and helow this plane.  The arve of
curvature KN L never does, and KM seldom does, reach a stage
in australites where they represent seetions through the entire
arc of enrvature of a hemisphere.  Only in rare exanuples of
complete huttons do the anterior snrfaces approach a hemisphere
i size, and only i the very rare round hollow forms (¢f. text
figure 338) do posterior and anterior surfaces each approach

hemispherical dimensions.

Radiv of Curvalure Values.

The ranges of the measured valnes of the radii of curvature
of anterior and posterior snrfaces for the different shape groups
among the Nirranda Strewnfield australites, are shown in Table
X. The two different radii of enrvature are conmoted hy the
symbols Ry and R respectively,  R¥ represents the rading of
curvature of the secondarily developed front (anterior) surface.
while RB represents the radins of curvature of the back
(postevior) surface which is regarded herein as a renmmant of
the original primary surface.

In Table N. the values for Rr and R are given to the
nearest 0-1 mm., and have been dervived by dividing the valnes
obtained on measwreent of the enlarged xilhonette diagras
by the reduction factor 3-75. The infinity sign in Table X
refers to forms that possess almost flat surfaces in certain
aspeets; and there are only a few sunel forms, The T.8. licading
to some colimms in Table X refers to values determined from
silhonettes obtained normal to the length and parallel to the
depth and width measurements of elongate forms, while LL.S.
refers to those determined parallel to the length and depth and
normal to width measurements of clongate forms, Where the
ranges in R¥ and Rs are set out in the 1.8, columms in Table N

-
- Xy
b
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the numbers of measnrements possible were linited hy cmploying
fragnients that gave satisfactory measurenients for the 1.8,
valnes only. henee (o) refers to LS. measurements obtainable
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FIGURE 18,

Scatter diagram showing radius of curvature values for anterior and posterior
surfaces ol Nirranda Strewnfield australites.

from: seven specimens only. (h) to four specimens, (¢) 1o {wo
speciimens, () to three specimens, (¢) to ten specimens, (f) to
fourteen specimens. () 1o two specinens. and (/) to one
specinien only,
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In cach group. the greatest percentage of forms have RF
greater than Ry, Forms with R¥ and BB the same in value. are in
the minority, those with R¥ less than RB are intermediary in
nber. This relationship is further hrought ount in the seatter
diagram showu in text figure 18, where the Rr and Rs values for
mdividual australites have been plotted to the nearest 0-25 mmni.

A few higher values for Ry and R lie outside the scatter
diagram shown in text figure 18, These are values for forms
with (1) Rr =30 mm and RB=30 pun., (ii) RF = 255 mmn.
and RB = 31-5 mm.. (iii)) RB =81 mm.. and (iv) one or two
forms having almost tlat primary snrtaces. so that RB values
ave infinite and may thus he regarded as parts of the arve of
curvature of spheres having infinite radins., whose centres are
at mfinity on the axes, or else parts of Hattened spheroids of
revolution,

Exeept in the tlat-topped forms. the values for Rr and RB
do not vary widely from shape gronp to shape group. Eund-on
aspects of dub-bells and teardrops natnrally provide the lowest
radii of canrvatnre values, while the greatest values are fonnd in
the largest of the cores and the larger of the hollow forms.
Intermediary values as for buttons, lenses and ovals show 1o
particularly siguiticaut variations. The small variations that
do exist are functions of the sizes of the primary forms frow
whiclt these secondary shapes weve devived, as far as the RB
values are concerned. and the degree of ablation sutfered. as far
as the R¥ vahies are concerned.

The fact that sowmetimes the R¥ value of any  partienlar
anstralite ix greater than its Re value simply retlects the flatter
ave of enrvature ot the anterior surface. and the developient
of a Hatter are of curvature for anterior surfaces is ouly to be
expeeted  with ablation of the original hemspherical front
surfaces of the majority of the forms.

Fifeets of Kr—Rs Variations.

The effect of having (1) R¥ less than Rs. (11) R¥ equal to
R, and (ii1) Ry greater than R ix illnstrated diagrannnatically
m text ficure 19.

In text fignre 19, diagram= \. B and (' are typical of the
cross sectional aspects of australitex that are eivenlar in plan,
the sections heing taken throngh the back (N) and frout (M)
polex of the ohjectse NM vepresents the depth of each form, K1
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the diameter, and O the point of intersection of NM and K1,
KNI is the arve of corvature of the hack sinface and KM that
of the front surface in each diagram.

S5MM.

R

N\
\/
/\

FRONT SURFAC[

M

\

fi

FRONT SURFACE
FIGURE 19.

Sections through australites showing in outline the relationships of varying
curvature of posterior and anterior surfaces.
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Depending upon the depths of the australites and the points
of mtersection of the two varving ares of curvature for posterior
and anterior surfaces respeetively, the radical line (the line
Joining the points of interseetion of the two coaxal cireles of
which the two ares of civatnre are part) will he nearer to or
further from the front poles of anstralites, ax indicated in text
figure 19,

When R is greater than Re, the sectional aspeet is that of
diagram €' (text figure 19), where the front surface is somewhat
flatter. O i nearer to the front pole (M), and less ablation has
ocenrred than in either of the examplex represented by diagrams
A and Bo(text figure 19).  In this example (diagram (', text
fignre 19) and in the one represented by diagram A\ (text fignre
19). the horizontal plane containing Kl is no longer a plane of
vinmetry, but NM iz,

With R greater in valne than Re (text fignre 19, diagram
)L the are of curvature of the rear simrface is the flatter, O is
nearer the back pole (N), and considerable ablation has ocenrred
o a primary sphere that originally had a somewhat greater
diameter than is vepresented in diagram € (text fignre 19).  In
these and  practically all other round forms of  australites
there has been maintenance of svimmetrically corved snrfaces
thronghont the processes of ablation produeing the secondary
shapes.  Various stages ocenr bhetween  those vepresented by
examples depicted in diagrams A and ¢ (text fignre 19); the
example illustrated in diagram B represents the  average
relationship. The series indicates that at the outset the trend
1 primary spheres, on ablation, is for the radius of enrvature
of the front surface to inercase, and henee for this snveface to
become fatter in its are of enrvature compared to that of the
maltering back snrface. This condition holds nutil the average
relationship (diagram B, text Hgnre 19) is veached. hut there-
aftery ax Re decreases with respect to R, the arve of enrvatnre
of the front surface sometimes, hut not ahwavs, becones steeper
compared with that of the back snvface, evidently becanse of
greaterr ablation in cquatorial than in front polar regions, at the
sialler <izes,

The cross seetional aspects of snel types of australites are
cqumivalent 1o the silhonettes utilized in determining the radii
of enrvatwre and. in them, the ontlines represent  the shapes
produced by two intersecting civeles. The Hne joining the points
of interseetion, te the radical Hne, i< g connon chowd to hoth
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circles and represents the dimueter of austvalites. In the
majority of examples it has heen fornd by constroction that
the Tine joining the centres of the {wo mterse-ting cireles is
perpendienlar to the vadieal axiz, lience the 1wo contires qre
collinear and the civeles ave thus coaxal civeles, 11 also follows
that this perpendicular line where it interseets the fron and
rear poles of cach anstralite provides a measure of the trnge
depth of the form,  Snel relationships indicate that moxt
anstralites maintained o relatively stable position throughont
the period of transit through the carth’s atmosphere.  In very
Few examples the 1wo intersceting cireles are not quite coaxal,
and forms represented by this relation=hip evidently may have
contracted o <light wobble from buffeting effects during rapid
forward propagation,

The depth valiies (NM) of these anstralites vary aceording
to (a) the values for Ry and RB in eacl particular form, and
(6) the proximity of the contres of the interseeting cireles to ()
intext fignre 190 This, again, is nlthnately a finetion of the
degree of ablation to which any partienlar oviginal sphere of
australite glass was subjeeted,

When Re and Re are eqnal, the two ares of CREVAtNre are
the same and O i eqnidistant from the back and front polex
(see diagram B, text figure 19). The ontline of {he form in
seetional aspeet is then that of a hiconvex lens having one plane
(horizontal plane) of svonnuetry along KL, and radial SVHimetry
throngh NM for the round (in plan aspect) forms of australites,

When two (or more) comparable forms have the same Ry
and the same diameter they most often have ditferent depth
values. Hence their Rr values differ, and the are of curvature
of one front surface is either flatter oy steeper than in the other
form (or forms), indicating variations in degree of ablation of
two originally similar primary spheres of australite glass,

Conversely. when two (o1 more) forms have the same Ry
valnes and the same diameter, hut different Re and depth valies,
the are of enrvatinre of one back surface s Hatter than that of
the other, indicating twao originally dissimilar sizes of anstralite
elass spheres. In order to produiee similar ares of curvatnre of
the {wo front <nrfaces from two original xphicres of ditferent
diameter, one sphere mnst have heen =tbjected to greater degrees
ol ablation than the other, and this can have come about ax a
consequence of slight differences in the time of tranxit through
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the cartli's atmosphere, arising from different angles of traverse,
so that one, in effeet, travelled through a greater thickness of
atmosphere than the other.

Fenner's (1934, p. 66) statement that no two australites arve
alike in the Shaw Collection i also apphcable to most known
Vicetorian australites. There are in the Nirranda Strewnfield
anxtrahte colleetion, however, three lens-shaped forms (reg.
nox. K865, 15866 and ES67) that are almost identieal in surface
featnres, they have the same depth and diameter values, the Rr
and Ry values are approximately eqnal with a maximum
variation from lens to lens of only 0-5 mm.  Differences of weight
are ap to only 0-3 grams, and in speeifie gravity of up to 0-05.
Although thevefore not identical in every respeet, these three
lenses are generally very much alike in practically all of their
characteristies.  The  conclusion  to be  drawn from  these
observations is that several shmilar size spheres of australite
glaxs were formed primavily, irrespective of slight variations
in speetfic gravity, and were subjected {o similar amonnts of
ablation dnving their snpersonie flight through the earth’s
atmosphere. prodneing similarr secondary shapes with similar
ares of enrvatinre of their forwardly-directed simrfaces,

Oval-shaped australites have a longer and a shorter diameter
(Plate TV, figure 23), with one of these diameters a few
mitlimetres longer or <horter than the other. In two positions
at right angles there are thns two different ares of curvatnre
for cach of the postevior and anterior sinfaces, and there are
two radical lines of different length, as indicated in text figure 20,

KL is the radical line (representing the diameter) across
the shorter axis of the oval-shaped form sketched in text figure
20, and KL the radical line representing the longer diameter
for the position at right angles. The radius of curvature of the
front surface is greater for the longer than for the shorter
diameter, henee its arve of curvature is somewhat flatter.  The
=ame applies to the hack snrface. Two pairs of coaxal cireles
result, with the members of separate pairs in contaet at the front
and vrear poles rexpectively, and interseceting cach other at K
and Lo for the long diameter, and at K and 1/ for the shorter
dimmneter. The sketeh i text fignre 20 is of a form where Ry
and Re are of imeh the <ame value, There are other examples
where Ry is greater or less than Re bt in them, the general
relationship= of the corvatnres of the two <mrfaces i the two
positions at vight angles are as depicted in text figure 20,
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From snelt velationships as these it ix dedneed that oval-
shaped australites weve devived from sphevoids of revolution
rather than from spherves, despite the fact that each ave of
curvatinre accords with the aves of eurvature of construeted
civeles. The veason for this accordance is again to he aseribed
to the fact that the eneved surtaces of these australites correspond
with only minor arves of snch cireles, jnst ax do certain portions
of the ares of cnrvatnre of spheronds.
et~

. SMM.

—J

N

FIGURE 20.

Diagrammatical representation of two sections in right-angle positions through
an oval-shaped australite, showing variations in arcs of curvature, meeting at N
and M respectively for a constant depth, and different lengths of the radical lines
KL and K'L".

Mueh the same velationships exist for hoat- aud canoe-shaped
ansdralites ax for oval=<haped forms, except that differences in
length hetween KL and K17 (see text fignve 20) are considerably
mereased. henee there arve greater differences i the radii of
corvature for cach diameter of the front and back smrfaces
respectively, =o that wmeh tlatter cnvvatnves vesult along the
Jirection of the longer diameter. 1t is thus even wmore likely
that boats and eanoes were derived from spheroids of revolution
rather than from spheres, sueh sphevoids being originally more
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clongated along one axis thau were the primary spherotds from
which oval-shaped australites were derived.  Some of the possible
cross xectional aspeets of these elongated specimens of zmstraht_es
are shown in a cross section through a spheroid of revolution in
text figure 21,

10 MM.

FIGURE 21.

Cross sections of elongate australites depicted as being derived from four
positions of a spheroid of revolution,

For convenience in text figure 21, four possible cross sections
are shown in the eross section through one spheroid of revolution.
I indicates the forward surface for each form developed after
ablation of the spheroid.  Slhightly varving cross sections would
result for the end products by commencing with a spheroid of
revolution of different length-—hreadth velationships to those
shown in text fignre 210 Considered as a prolate spheroid
traversing the carth’s atmosphere at supersonic speeds, and witl
it longer axis parvallel with the direction of propagation, the top
and bottom cross xectional aspeets of the final <hapes prodieed
(text fignre 21) conld well he those of some lens- and bhution-
shaped anstralites, as well as of oval-<haped forns having minor
differences hetween the longer and shorter diameters. heeanse
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the aves of envvature 1 these positions conform also to the ares
of curvatnre of small spheres (indicated by the roken Tines of
part ¢ireles at the top and hottom of text fignre 21 ax well as
to the ares of curvature avonnd the top and bottow poles of the
spherotd of revolntion,

Considered as an oblate spheroid, the two sections depreted
on the left- and right-hand sides of the <keteh crext tignre 21)
conform to the longitndinal =ections throngh boat- and canoe-
shaped anstralites, e, forms which nsnally have a muoceh tlater
enrvatire of the posterior than of the anterior snrtace. and
which are longer than broad.  Here again, the arve ol envvatnre
of the posterior =urface for cach example can conforn to part,
althongh o very minor part. of the arve ol curvature of a
constrneted cirele (indicated by the hroken Tines oft part eireles
on the left- and vight hand sides of text fignre 21) with a greatly
inereased radins compared with that constrneted avonnd  the
front and bHack poles of the spheroid itselt,
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The relationships between nmnbers measnred and the valnes
resulting from measurements of Rr and Ry in hatton- and len_s-
shaped australites from the Nirranda Strewntield are shown in
text figure 22,

The frequeney polvgous shown in text fignve 22 verify the
observation that Re is generally greater than R among the
Nirranda Strewnfield anstralites, the mode for Re oceurring
on the 10 mni, co-ordinate, while that for Rs lies on the 9 mm.
co-ordinate. 1t also transpires that these modal values tally
with a relatively common combination among hutton- and lens-
shaped anstralites, Le. many forms have Re values of 10 m.,
and R values of 9 nin.

Relatiouships of By aud Re to Depth and Dicweter Values.
The scatter diagrams shown in text igures 23 to 26 indicato
distribution relationships as hetween (i) Rr and diamoter, (i1)
Rr and depth, (ii1) R and diameter, and (iv) R and depth,
They alxo provide a record of these values for each individual
anstrahite collected from the Nirranda Strewnfield for which
such measurements conld be ohtained,

Text fignre 23 <hows that most of the Nirranda Strewnficld
anstralites possess diameter values that are a little greater in
amount than the Rr vahies. The same applies for Re—dimneter
relationships shown in text figure 25, The position ix reversed
for Rr—depth (text figure 24) and Re—depth (text figure 26)
relationships, where a greater mmmber of forms have both the
Rr and the RB values greater in anmount than the depth valnes,
although tliere is a somewhat larger mumber of individuals with
depth values greater than Rr and RB values than there are with
Rr and R values greater than dimmeter values. Moreover,
there are rather more individuals with depth values greater
than R values than there are with depth values greater than Ry
alues. These relationships are expressed on percentage hasis
in Table XT.

Relationships of the Tulereepts Made by the Radical Line U pon
Hie Depthe Live of the Niveauda Stecwafield Sustralifes.,
The ntercepts of the vadical line upon the depth Hne of

the Nirranda Strewnfield  austvalites are indieated diagram-

matically in text fignres 19 and 20, where the length cut off
between the front pole and the point of intersection of the radical
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line with the depth Hine is represented by the length OM, and
that for the back pole hy ON. OM and ON values therefore
represent the distances of the front and rear poles respectively
from the centre of the radical line for each of the australites
from which the relevant information conld he obtained.

The relationships of the measured vahies for OM and ON
are presented in text figure 27, where the values have heen
plotted to the nearest 025 nn,
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Scatter diagram showing OM ON relationships for Nirranda Strewnfield
australites.

A large nimmber of the vadnes are elustered along the lower
Iimits of the unit gradient line, indicating that in wany of the
anstralites the front and back poles are more or less equidistant
from the radical line and, in many, these values are low and
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show differences of Tittle more than 1w, A swall munber of
Forms possess ON values that are greater than ONM valnes, and
vice versa, in terms of the seattor diagrane (text figure 27). In
them, therefore, a few of the australites have greater bulk of
glass on the back polar <ide of the radical line, and a few have
the greater bulk on the front polar side. This state of affairs
in 1o way npset the stable position of flight of anstralites through
the carth’s atmosphere. The greater nber of forms, in which
OM and ON are equal or almost <o, possess sinilar amonnts of
glass on cither side of the vadieal line.  Thix s only a
generalization, however, as can be gathered fron inxpection of
Table X1, where the perecentage calenlations are hased on valnes
taken to the nearest 041 wnn,

The relationships of OM and ON tlroughont are funda-
mentally controlled by the rading of covatie of the front
surface compared with that of the back surface.  In addition.
sinee the ares of cnrvatnre of these two sirfaces represent minor
aves of coaxal civeles, they are also controlled by the POSTTTONS
of intersection of the two sinfaces in the equatorial vegions of
the anstralites; in other words, the distance apart of the centres
of the coaxal cireles,

Kxtreme examples wheve OM @ ON :: 3 2 1, and where
ON = OM =2 3 1 are very vare. Sinee the intercepts OM and
ON are intimately related to the vadii of curvature Ry and R,
the ratios of OM to ON and of Ry to R¥ have been ealenlated
and are plotted side by side in the frequeney polygons represented
ur text fignre 28,

The inset diagrann in text fignre 28 provides a kev to the
measured values from which the vatios have bheen determined.,
The ratios have been plotted frour calenlations baxed on deter-
minations taken to the nearest 0-25 mn, and hoth the fregueney
polygons reveal prominent modes at unit vatio. T the calenlation
of the ratiox OM : ON, OM was retained at ity thronghout,
The greatest nmntbers (85 per cent.) with ratiox of OM and ON
approximating mity, contain most of the hntton- and lens-shaped
forms that are more or less regulavly Tenticular in side aspeet.
and which thns have the radical Tine spaced approximately
equidistant Trom the front and back poles respectively.  To the
left of the mode of the left-hand frequency polveon in text
figure 28 ocenrs the gronp of the cores; wherein OM isx mainly
ercater than ON. To the right of thiz <ame mode occurs o lesser
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number of button-; lens- and oval-shaped forms where OM is
mainly less than ON, and sueh forms have slightly  flatter
posterior than anterior snrfaces,
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Frequency polygons showing distribution of ratios of OM to ON, and of RB to
RFr for Nirranda Strewnfield australites.

In the frequency polygon showing the relationships  of
nmbers to the Rp: Rr ratio (right-hand diagram in text
figure 28), a range in ratios of 1025 to 1 35 is showi. RE has
heen retained at unity. The greater munher of examples oceur
on and within the hmmediate rvegion of the 1-0°1-0 ratio,
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Factors Compared.

Rp—Rp,

Di—De

R,—Di

Ry—Di

RF-——DG

Rg—De

OM—ON

Rp—OM

Rp—ON

Rp—OM

Ry—ON

TABLE XI.

AUSTRALITES

Relationship
of Factors.

I{F “ [{“
I{F 3 I{R
Ry < Ry
Di De
Dt De
Di < De
Ry Di
Ry Di
Ry < Di
Ry Di
Ry Di
Ry, < Di
l{l“ ,\ i l)e
l{F J)(‘
Ry < De
I{H ,\ I)(‘
I{Bf D(‘
Ry < De
OM_ ON
OM-— OXN
OM<ON
Ry ~OM
Ry~ OM
Ry <OM
Ry > ON
Rp— ON
Ry < ON
Ry > OM
R, sz O
R]; <0OM
Ry > ON
Ry, — ON
I{B < ON

Perecntage.

60 -0
35
ey

100-0
0
0

1000
0
()

100-0




136 NIRRANDA STREWNUVIFELD AUSTRALITES

mdicating equal o approximately eqnal R and R valnes. To
the right of the mode are examples with tlatter ares of enrvatnre
of the anterior =<nrfaces, sinee Ry s greater than R, The
reverse apphies for examples to the left of the mode.

The sceveral related factors (o) radins of  cmevature of
anterior snrlaces (), (0) radins of enevatnee of posterior
irfaces (Re), (o) diameter (DO, () depth (De), and (e) the
mtercepts ONM and ON, as deterimined from the measnrenient
of Jnst over 200 Nivraunda Strewnlield australites, have been
placed on a percentage baxis, given o sunnnarvized  form in

Table N1,

[From Table NT it is seen that valnes Torr R and Ry are
mainly less than valnes for diameters, bat greater than valoes
for depths among the =ccondary shapes that constitute the
anstralite population  of  the  Niveanda  Strewnfield,  while
diammeters are all greater than depths. The radins of enrvatinre
of anterior sieface (R s greater thau that of  posterior
snrface (R i almost two-thivds of the specinens,

The percentage of anstralites in which the members of any
eiven panrs from among the factors Rec Ry D and De are eqnal
toone another is low thronghout, being least (0 per cent.) in
dimneter depth relationships and greatest (85 per cent.) in
R R relationships.

The Tengths of the intercepts OM and ON, which represent
distancees from the centres of vadical Tines to the front (M) and
back (N) poles of the anstralites, show from Table N1, that, in
approxtiinately one-quaiter of the specimens, lengths (OM) are
ereater thau lengths CON)C T approximately one-quarter of
the specunens these two distances are equal i valine, and  in
approximately one-half, the distances from centres to front poles
are less than the distances (ON) to hack poles,

Being mtereepts on the depth line (el text lignres 19 and
200, the lengths OM and ON mnst always he less than De, and
consequently always less than Dicosinee Diis alwavs greater
than Deo Ry s niversally greater than ON and R greater
than OM, bt Re s not alwavs greater than ON, and Re ix not
always greater than ONM. There arve, for example, -9 per cent.
of the Nirranda Strewnlield anstralites with R valnes Tess than
ON valnes,and sneh examples arve typically the hollow forms ol
anstralitesc There ave also 09 per cent. of specimens with Ry
cqual to OM_and T-F per cento with Re less than OM, and these
spectimens are all the Taraer core types of anstralites,
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ORIGIN OF THE SHAPES OF NUSTRALITES

The known shapes of australites ave secondary <hapes that
catt he traced to a few typical primary forms such as spheres
and the forms of revolution consisting of prolate <pheroids,
oblate spheroids, apioids and dumb-hells ax illustrated in text
figure 29.

FIGURE 29.

Three dimensional sketch diagrams illustrating the sphere and the characteristic
figures of revolution that constituted the primary forms from which were produced
the majority of the secondary shapes possessed by australites. 1 sphere, 2 - prolate
spheroid, 3 -- oblate spheroid, 4 - apioid, and 5 dumb-bell.

[11 text figure 29, the arrows indicate the direction of
subsequent propagation through the carth’s atmosphere, and are
placed at the front poles of cach form.  There ix no evidenee
that forms of revolution such ax the annular torus and the
paraboloid were developed ax primary forms of australites. "The
sphere ix possible only when there is no rotation (ef. Kerr Grant,
1909, p. 447). the prolate spheroid ix stable only at high speeds
of rotation, while the oblate spheroid ix stable only at low speeds

$41254.—14
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of rotation.  The prolate and oblate spheroids depicted in text
fignre 29 are biaxial ellipsoids in the sense that they have a
longer or shorter vertical axis and equal lateral axes, MTriaxial
cllipsoids, with the lateral axes unegual, were evidently the
primary forms from which the oval-<haped secondary forms of
australites were developed.  They would have to he produced by
a wni-directional equatorial tlattening of original prolate and
oblate biaxial ellip=oids, possibly near the end stages of cooling
of the original rotating sphervoids.  Some, perhaps all, of the
boat-shaped  sccondary  shapes  of australites  were  possibly
generated from primary triaxial ellipsoids that were rather
more flattened than the parent forms fronn which the oval-shaped
secondary forns were produeed.

Approximate ranges in the original sizes of the primary
forms, as deduced from anstralites fienred in tektite literature
and or examined by the writer, are =et ont in Table NX11.

TABLE XII.
Spheres . .. .. L . .. 10 to HH
Prolate <pheroids . .. . . . 10 x 20 to 10 x5 100
Oblate spheroids . .. .. - oo 10 x 20 to 10 x 100
Apioids .. .. . . . .. 10 x 35 to 35 x 5O
Dumb-bells . .. . .. . o9 x 20 to 10 x 100

Antong the spheres, the vare hollow exatples sometines range
i size up to 60 or G5 mm. across, Among the prolate and oblate
spheroids, <ome forms are more eqnal in their axial valnes, so
that instead of heing originally 10 x 20 wn, in size, some of the
primary ellipoids were more ke 13 x 17 mn. in size. Other
profate and oblate spheroids were rather more massive than this.
i having dimensions <uch as 40 x 100 m.. hut gonie wepo niore
lender and weasured in the vieinity of 10 x 50 i, There wore
various gradations in the <ize and <hape of the spheroids hetween
the probable extremes Hsted above,

I the past, it has been considered (Fenner, 1934, b. 6) that
the elongate forms of australites were derived from round forms
by rotation in the carth’s atmosphere, and that certain Speciniens,
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sieh as the canoe-shaped fors, were somewhat puzzling as far
as their origin is concerned.  Their ovigin becomes wmore readily
pictured if the primary forms arve regarded as spheres and as
forms of revolntion developed inan extra-tervestrial enviromnent,
and it the secondary forms represented by all examples of all
secondary shapes that are possessed by anstralites ave regarvded
as the end resultx of processes of ablation affecting the primary
shapes of virtnally cold bodies (exeept for a transient, thin.
partially  fused  front  skin)  travelling  through  the carth’s
atimosphere withont a spinming trajectory, but at ultra-supersonie
speeds,

As formd upon the carth’'s smface, the known secondary
shapes of anstralites are essentially modified versions of  the
few acceepted primary forms sneh as spheves and primary forms
of revolntion. 1t ix most likely that these forms were generated
in an extra-terrestrial rather than o terrvestrial environmment,
some instantancously as gpheres whieh rapidly cooled as =ueh,
others ax rotating maszes of molten glass that rapidly cooled to
form spheroids, apioids and dumb-bells. Suclt bodies were
evidently cold on first entering the earth’s atimosphere, and the
(question of the orvigin of the secondary shapes that are possessed
by anxtralites, developed as an outeome of frontal =oftening in
thin films followed by ablation, hinges on three possibilities,
namely (i) whether they rotated through the carth’s atmosphere
for the whole of their carthward journey, (i1) whether some
forms were spinning on first entry into the atmosphere and
ceased to spin thereafter, o (1) whether they maintained a
relatively stable position of non-votatory tlight thronghout the
entire phase of transit throngh the carth’s atinosphere, with only
<light wobbling developed in some specimens,

Sinee xpheres are only possible when no rotation ocenmes, it
is not likely that they started to spin on entering the carth’s
atmosphere.  1f still spinming on entry into the atmosphere,
the primary forms of revolntion soon ceased to do <o, Mueh of
the evidence provided by the secondary shapes and secondary
struetnres of anstralites is interpreted herein as going a long
way towards indicating non-rotation while being propagated at
hip:'h speeds over a short period of time throngh the earth’s
atmosphere.

Allowing for tertiary  modifications bronght abont by

ordinary processes  of evosion, the  secondary shapes  of
australites ax found npon the snrface of the carth, are thonght
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to-be of a kind that can he formed from glassy bodies of
pre-determined shape. travelling at ulra-supersonic veloeitieos
through o not  very highly  resisting  medinm—the  ecarth's
atimospliere—withont rotating, bt subject to pressure  and
frictional heating, snrface <heet welting in thin filns, fusion
stripping and ablation of their forward smrfaces under the
influence of the effects of acrodynamical flow.,

The natnve of the sccondary strnetnres sueh as flow ridges,
aid the flow lines that ocemnr with them in typical associations
mdicating non-rotational tlight, has already heen deseribed (see
text figures 13 and 14), likewise the fact that Hange huilding can
be accounted  for without  invoking  rotation through the
atmosxphere. There now remains to he considered the secondary
shapes themselves i relation 1o their primary forms, and these
are dealt with in deseriptions of text fignres 30 to 34.

First it <honld be noted that the axes of the secondary
shapes  that constitnte australites, are not always  axes  of
svimnetry like the axes of rotational synnetry possessed by the
primary forms from which they were produced. Developed as
secondary shapes from spheres, the huttons and lenses have
cqual lateral axes and alwavs a shorter vertical axis. The
vertical axis is virtnally an axis of rotational svonuetry, bt the
lateral axex arve not alwavs axes of twofold svinmetry, only heing
o when the formsare vegnlarly hiconvex with hilateral svnnnetry,
Oval-=haped anstralites have nmeqgual lateral axes and a shortor
vertical axis. Boat-shaped forms have a somewhat longer and a
<horter lateral axiz, and a short vertical axis that is somoetimes
equal to, morve often less than, the s<horter lateral axis.  In thoese
clongated anstralites, the vertical axis ix no longer an axis of
rotational synnnetry, hnt ix twofold,

Dimb-bell-<haped australites have one  longer and  one
<horter lateral axis, and a <hort vertical axis cqual to or less
than the <horter Tateral axis (Le. omitting the waist region from
consideration here). Nmong the teavdrop-shaped anstralites, if
i evident that <ome traversed the atmosphere in mueh the sane
way ax acrial hombsowith their fonger axis parallel to the direction
of propagation (ef. Baker: TH6, Plate X)), henee snel exanples
have more or less equal lateral axes Cconsidered  ax passing
throngh the xwollen portions of their apioid shape). and longer
vertical axix. Sowe teardrops, however, provide evidence of
having travelled throngh the atmosphere in g posttion that might
appear at first to be somewhat imstable- with the longest axis
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horizontal (ef. text fignre Sde, and ef. Baker, 1946, Plate TN,
figures 9 and 10). The natnre of the anterior snrface and of the
Haked equatorial zone in sneh forms, point to this position of
light asx heing a stable position, otherwize these secondary
features would not have been developed in the positions that
they occupy. Henee such forms are comparable with  (half)
dimnb-hells in having a longer lateral axis, a <horter lateral axis.
and a vertical axis that ix shorter than the <hot lateral axis.

The many hntton- and lens-<haped anstralites represented
among the Nirranda Strewnfield collection evidently had their
origin in the ablation of primary spheres (o1 spheroids with
nearly equal axes), ax indicated in text fignre 30.

\

w"’

10 MM.

FIGURE 30.

Diagram illustrating suggested origin of button- and lens-shaped australites
from a primary sphere. (Flanges possessed by button-shaped forms have been

omitted?).

Two secondary forms are depiceted i a <keteh of one sphere
in text tigure 30, for convenience of representation. I indicates
the forwardly divected snrface of cach =econdary form, and the
arrows represent the diveetion of propagation throngh  the
cartl’s atmosphere.  These arrows will naturally be directed
in the same sense in actual fact. The possibility is not overlooked
that similar button- and lens-shaped secondary forms could result
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from the ablation of a prolate spheroid of a tvpe indicated in
text fignre 31, in mmeh the same way as from the ablation of a
sphere (text fignre 30). Rather more australite glass has to be
ablated from the primary prolate spheroid.

10 MM

FIGURE 31.

Diagram showing secondary forms resulting from the ablation of a prolate
spheroid of australite glass.

The ares of cmrvatnre of the hack (i.e. primary) snrfaces
of the secondary shapes of some anstralites conform to the ares
of construneted cireles, just as do the ares of emrvature of the
polar regions of certain prolate sphevoids.  Different ares of
cirvatnre of the hack xurfaces of button- and  lens-shaped
anstralites and  possibly - also some  oval-shaped  specimens
developed in this way, wonld arise from differently shaped (i.c.
broader or narrower) prolate spheroids,

Many of the oval-shaped anstralites having (i) the two
different radii of cwrvatnre for cach of the two curved surfaces,
and henee (1) two different ares of curvature in two positions at
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right angles for cach of the two surfaces. an (111) major and
minor diameters with no very marked  difference i length
between then, suel as depicted in sectional aspect notext fignre
20, probably arose from the ablation of forms of revolution less
clongated than the splieroid <hown in text figure 31, and vet not
as spherical asx the primary form <hown in text fioumre 30, They
would thus be secondary shapes interinediary hetween those of
the hutton and lens groups and those of the hoat and canoe
groups, and had their origin in primary forms of revolution
mitially intermediate in shape hetween the primary forms of these
Zroups.

Other oval-shaped australites, in which the two diameters
are more significantly different in length, probably arose from
oblate spheroids approaching the chavacter of the example <hown
in text figure 32, Boat- and canoe-shaped anstralites certainly
seen to have been derived from oblate spheroids (text fignre 32).

FIGURE 32.

Diagram showing elongated secondary forms such as boat- and canoe-shaped
australites, developed by the ablation of an oblate spheroid of australite glass.

The australite ** cores ™ (ef, Baker. 1940b. p. 492) or
* hungs T (ef. Fenner, 1938, pp. 200, 204). are 11111(-!1 larger than
the cores (body portions) derived by the loxx of flanges and
peripheral regions from smaller australite forms :\'urh ax buttons,
lenses and ovals, These large corex have round (in plan aspect),
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oval, boat and dumb-hell shapes and often, though not invariably,
possess characteristic flaked equatorial zones hut never Hanges,
They evidently represent the ecavliest arrested stages of larger
primary forurs that have heen the least modified by processes of
fuston stripping and ablation (¢f. text figure 35).

Round  cores of this nature were derived from original
. . . . . * s iy l)n
spheres in the manner indicated hy text figure 33,

FLAKED
L4y

£cya-{|

15 MM

\a \.;\\\\\\ '

10 MM

FIGURE 33.

A ~round core with flaked equatorial zone, developed by fusion stripping and
ablation of an original sphere (dotted line).

J-—hollow form derived from original hollow sphere  (dotted line represents
eontinuation of original outer walls).

F—indicates original positions of front poles of primary spheres. and arrows
indicate direction of propagation through the earth’s atmosphere).
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N N . .
Sore hollow forins of anstralifes have the same external
shape as some of the Lorge round cores (ef. {ext figure 33), and

have thus bheen snbjected 1o siilar processes of - fusion
stripping and ablation, Tudeed, <ome even <how similar laked
cquatorial zones,

Preservation of cortain hollow forms= as complete entities
throughout  the  operative Phaxex of  fusion  steipping  and
ablation, demands the oviginal development of o primary hollow
sphere with an cecentrically disposed internal hubble, so that
the walls at one pole were thicker than the walls at the opposite
pole. A Twollow foru with an cecentrically placed hubble wonld
he expected to travel on its line of ight with the thickest wall
forward, so that the anterior sirface had thicker walls than the
posterior swrface (ef. text fHgnve 338). Al hollow australites,
ol which there are comparatively few kuown, provide evidenee
which indicates that this expeeted position was actually o stable
postition of forward propagation.  Some hollow [orus sub jected
toexcessive ablation  compared 1o the thickness  of their
forwardly divected walls, have collapsed inwards diriug flight.
as evidenced by the presence of inrolled cdges in certain hollow-
form fragments from  the  Nirvanda  and  Por Camphell
Strewnfields. These involled edges show evidenee of secondary
flow of glass over the collapsed edges and inwards tows s the
imner walls of the original internal cavity, and the fragments
on whiclr they ocemr are fragments hroken from the polar regions
of anterior surfaces,

In text figure 338, which is hased on a sliced hollow st ralite
from Tlamilton, Vietovia, figured by Dunu (1912, figure 24, Plate
7). the thickness of the walls at the front pole was originally
10 nun, hut ix now 3.5 mi. on accomnt of reduetion by ablation,
At the anterior pole, the glass walls were four times as thick as tlie
walls (25 mmy) at the back pole. Up to approximately 8 nn,
thickness of glaxs has thus been vemoved by processes of
ablation from front polar regions,

A hollow australite from Hovshau, Victoria, figured hy
Walcott (1898, Plate T1L fignres 1 and 14) had an original
thickness of 12-5 nmu for the walls at the front pole. while (he
thickness at the back pole ix 2-5 . <o that the forwardly
divected walls of thix anstralite glass bubble were oviginally five
times ax thick as the rear walls, and the intm'uu} Cavity was
eccentric with respect to the orviginal walls of the primary hollow
sphere.
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Hollow forns with even move cecentrically disposed internal
cavitios, which have very mneh thicker anterior wails, can
withstand fusion stripping and ablation to the same degree to
which certain solid forms have heen subjected, and yet need not
collapse. by virtne of the fact that the internal cavity is sitnated
well hack towards the posterior snrface.  Of sneh a nature is an
example (reg. no. E1052) Trom the Nivranda Strewnfield, wherve
ablation has been operative to sneh an extent that a flange has
been developed on a form (Plate 11 fignrees 9 and 10) with a
relatively  Large  internal  cavity.  Althongh  this form s
practically complete, possessing only a small hole T mme across
leading to the ternal cavity, it has heen possible to form an
estimate of the dimension of the internal hubble along the polar
axix by inserting a needle throngh the apertnre and across the
internal cavity.  The following dimensions were obtained :—

(1) Distance from front pole to hottom of aperture 2 nmm,

(2) Distance from front pole to hack wall of
mternal cavity . . o 16 mm.

(3) Distance from front pole to back pole o 19 n,

By snbstracting measnvement (1) from measnrement (2), the
depth of the internal cavity i arvived at as 4w, Measnrement
(1) provides the thickness of the walls at the front pole, while
the difference between measurentent (3) and measunrement (2)
<hows that the thickness of the walls of the internal cavity at
the posterior =urface ix only 3 e The cavity ix thns
cecentrically placed with respect to the positions of the front and
back poles, a condition that was even wore prononneed hefore
ablation of the front polar regions,  Radiographs of this form
reveal the following dimensions of the internal cavity:—front
polar aspect: 12 x 15 i, two side aspeets at vight angles: 14 x
13 and 11 x 12 mnn respeetively, The internal cavity thus has
<light polar clongation.

The large elongate cores of hoat-, dinb-bell and teardrop-
<haped anstralites arve indicated intext fignre 340 where the
primary forms from which they were derived are shown as
hroken Hnes,  End-on aspeets of these forms generally resemble
the shape of the round cove depicted in text fignre 334,

Some  larger cores have flatter posterior smrfaces  than
indicated in text figure 34, and were evidently derived from
primary torms having flatter ares of curvature along their sides,
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Huls approacliing cigar-<haped cHipsoids they did not traverse
1 atmosphere end-on, however, except i rare examples of the
aprords that now hiave acrial homb-like shapes.

-
20 MM,

FIGURE 34.

A clongate core (boat-shaped).
B clongate core (dumb-bell-shaped).
C elongate core (teardrop-shaped).

The material between the dotted lines and the anterior surfaces in each sketch,
has been removed by ablation.

F- indicates position of front poles.

The elongate core shown in text fignre 344 was derived, by
ablation, from an oblate spheroid of revolution.,  For allied
examples, the length of the original spheroid compared {o its
breadth, inercases from short ovals through longer ovals to the
niore elongated boat-shaped corves. The flaked equatorial zone of
such examples is a common featiure, but one or two specimens are
known in which flaked equatorial zones have not heen developed.
In them, the anterior is demarked sharply from the posterior
surface by a well-developed rim (hut never a flange in australites
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of 1he size under consideration).  This snggests the possibility of
limited ablation having occeurred, without accompanying fusion
<tripping ot cqnatorial regions.

The dinmb-hell-<haped cores (text figure 348) were developed
by the frontal ablation of orviginally rather larger dumb-hell forms
of revolution in which the bulbous ends initially had a constant
thickness i any one given plane (ef, figmre 29, No. 9), and in
which the constriction in the waist regions was mneh less pro-
nouneed than in the smaller dumb-hells on which flanges became
subsequently  developed,  Flaked  equatorial zones arve again
chraracteristie featnres of most of these dumb-bell-shaped cores.
No dumb-hells have vet heen ohserved that would point to any of
these forms having travelled through the atmosphere with their
long axisz parallel with the direction of propagation.

The larger teavdrvop-shaped cores have a flaked eqnatorial
zome developed in sueh a way ax to indieate that the stable position
during flight was like that depicted in text figwre 34¢. Ablation
ocenrred most dominantly at the front pole of the hnthons portion
of the original apioid. and wltimately produced the teardrop-
<haped corve. .\ finther stage in the melting and flowage of glass
fron the front polar regions than that <shown in text figure 34c¢, 18
sometinies one in whieh secondarily fused glass has hecome carried
aronnd the hbnlbous end on to the eqnatorial edge of the posterior
smrface Cef. Baker, 1946, Plate TN, fienres 94 and 98).  In still
later stages, more evident with the smaller  teardrop-shaped
australites, the size of the teardrop has bheen mueh reduced hy
the processes of ablation, and the stage of flange-building has been
reached.  Here again, it doesx not =xeem likely that the teardrop-
<haped forms were rotating at any of these stages when secondary
featimres were being produced during atmospherie tlight.

The progressive developnmental stages in the formation of
el xecondary <hapes ax the varions round forms of australites
frone primary spheres of natnral glass of  presnmably extra-
tervestrial orighn, are mdhicated i text fignre 395,

The posterior snrface. showin uppermost i cach of the
sketehes X to T text figare 35, 1= vegavded thronghont as a
residual portion of cach primary sphere. The auterior snrfaces
are secondarily developed surtaces arising trom the fusion strip-
ping and ablation of the forwardly directed hemispherical half
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"1.“]? primary forw, It is considered that the same general
primeiples apply to the other shape groups, as outlined here for
the group of anstralites that are cireular in plan aspeet,

FIGURE 35.
. Progressive stages in the development of round forms of australites from
primary spheres of australite glass.
A to D—round cores. E to F-—buttons. G to H lenses.

In text fignre 35, the spheres from which the cores (or
*hungs 77) were developed, are frequently twice as large as those
from which the hutton- and lens-shaped australites were pro-
duced.  The oviginal spheres for the buttons and lenses depicted
m text figince 35 had mueh about the same size range among then-
selves.

Diagram A (text fignre 35) shows a primary sphere, and
diagram B depicts initial ablation iu its front polar regions. With
more ablation and some fusion stripping, a round core of the type
shown in text figine 35¢ is produced, and, at this stage, approxi-
mately 10 per cent. to 15 per cent. of the original sphere has heen
removed.  Continned loss of glass melted frow the front surtface
leads to reduction in the size of the core and inerease in the radins
of cnrvature of the anterior smrface, as indicated hy text figure
3op. This process contimies with complete loss of the melted glass
which  becomes whipped away and in part volatilized and
dispersed in the wake of the speeding australite hody.,

Comniencing with somewhat smallerr spheres of  anstralite
glass entering the cavth’s atmosphere in an originally similar
cold condition, ablation and fusion stripping ocem =oon after



150 NIRRANDA STREWNFIELD AUSTRALITES

fromtal melting has been initiated,  Thix may coutinne until
approximately one half or more of the primavy glass sphere has
heen removed, the condition then heing rveached at which the
remaining <olid glass has passed into the requisite size and shape
for the onsct of tlange-bulding and the developmient of the flow
ridges on anterior surfaces,

The position of sepavation of the boundary layer flow i the
medinmt Cearth’s atimosphiere) throngh which cach australite hody
with its modified shape was moving, constantly changed as the are
ol cirvature of the forwardly directed surface became flatter in
character, and as the rim of the form migrated along the front
hemisphere backwards from the front polar regions, and heyond
the origiual position of the eqnator of the primary form, At this
<tage, the separation of  the honndary Tayver flow  from  the
cquatorial edge of these =mall =ccondary shapes Gravelling at
nltra-supersone speeds evidently  generates tnrbnlence  which
hecomes responsible for foreing =ome of the melted australite
olass around on to the edge of the posterior surface,  Ax this
process is maintained for a while, more glass is piled up in the
position indicated, thus leading to the constrnetion ol a substantial
Hange all aronnd the equatovial edge ol the objeet: at the same
the there s a marked development of flow ridges on the anterior
<urface, as in iext figimee 3ov. W\ somewhat later phase of the
process i one in which flange-huilding elass has been acemmmlated
rearwards to sieh an extent that the posterior simface ol the
secondary shape can no longer be seen when the Hanged anstralite
i viewed i side aspeet, and the majority of flanged anstralites, as
Found on the carth’s surface, are cither of this natnre or else
reveal a small portion of the posterior simetace protending a <hort
way above the edge of the flange,

Only o narrow contact exists between the flange and the
posterior sinface of the sccondary shape, and muach of the flange
glass overhangs parvt= of the edge of the posterior snrface withont
making direct contaet Cef, text fignee 12). Ultimate loss of some
Hanges by the combined effeets of later stages of ablation, a little
fosion <tripping and possibly fragmentation duving tight, operat-
ing more partienlarly in the = <eat ™ regions (¢f, text fignre 15),
vields the non-tlanged lens form depicted intext figure 35a, with
itx leszcr munuber of How rideges. Forther ablation then reduees
thi= forne to the smaller type of Teas shown in text figure 3311, or,
Hoeconditions are snitable, sosmall tlanged hntton may be developed.,
Snelr sl anged Tnttons hove bheen fonnd, but it is nneertain
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whether they were developed in the manner snggested, or whether
some ol thenr were devived from oviginally mueh smaller primary
spheres which were subjected to comparable processes of ablation.

As an example of the amonnt ol anstralite glass lost by
ablation at the stages indicated by text fignres 351 and 356, the
weight of the original spheve of @lass fron which o flanged hutton
was derived has been ealeulated ns 11 grams, from the speeifie
gravity value of the specimen and the vadins of curvainre of s
posteriov surface (i.e. a valie that provides the radins of the
priney sphere). The separate weights of {he Hange and of the
body portion of this australite are known, <o that the amount of
glass lost can he detevmined, this:

Per cont Weight in vrams,
Original sphere » .. .. . 100) 10
Body portion of australite .. .. .. o | D671
Flanoe .. . " . .. 69 0,762
Aount lost . .. . .. DT 60t}

[is thns seen that over hall of the original glass sphere
has been ablated away and nearly 7 per ceut. moved avomud to
the rear sinface to form a flange.  Tn the same wav, it ean he
calenlated that something over 80 per cent. of an original glass
sphere was ablated hefore the vesidual end prodnet sneh as o
lens of average size was developed.

The causes leading to the generation of flanges on anstvalites
have abready heen digenssed as an outeome of the stndy ol the
internal flow Tine patterns of australites geuerally (undev the
seetion dealing with Flow Lines). A Few relevant faets remain
to be added, from the aspeet of the sitnatious of the flanges
relative to the prinmary forms from which anstralites were
developed, and relative to the sccondary end prodncts which
austvalite shapes represent,

It ix obvions that. becanse of its steep Torward enrvatnre.
and its exposnre to the greatest amonunts of Frontal pressure
generated during  high  speed  light, ‘1lw Forwardly i':_wmg‘
heniispherical hall of acsphere of anstralite glass (el text fignee
39A), can provide no <table position Tor :m-l‘nnul:mnn of l'n:\'ml
olass Foreed away From the front polar regions. The carliest
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fused glaxs would he rapidly whipped away under the influenee
of drag cffects, and, ax the process of Tusion stripping and
ablation progressed, there ocenrred gradual rednetion of the fromn
strface, The radins of curvatnre of the front sneface inereased,
<0 that its e of errvature beeame flatter (ef . text fignres 358, 3¢
and 350, The front pole of the original sphere migrated rear-
wards to within or hevond the region ol its orviginal centre before
flange-huilding conld conuence, for by then, the rim, developed
as a sccondary feature delimiting the newly formed anterior
<nrlace from the vemuant portions of the primary rear swrfacc,
had passed hevond the Tormer equator of the orviginal sphere.
A sitnation has theretore been produced which is snited to flange-
building, for now the equatorial edge of the posterior snrface has
less steeply sloping hackward enrvatioee, so that a more stable
position is available Tor the aceumulation of sneh melted glass
ax reached and remained in the equatorial regions.  Herve, nnder
(he infhienee of eddy cnrrents and possibly some friction ereated
by the separating bhonndary Taver flow (ef. text fignre 36), the
secondarily Tused, migrated glass began to cool and be monlded
into shape. Rapidly following, newly introduced and still wari
olass frequently beeae jmued against the cooler glass already
present in the flange vegions, causing cousiderable contortion in
some of the How line patterns of some Hanges (ef, complex pneker-
ing shown in Plate T Baker, 19H),

[t ix not vet nlly nnderstood why the flange glass i its
final form consolidated i a position partially overhanging the
cqnatorial edege vegions ol the hody portion in flanged anstralites,
Possibly, a hudfer of velleeted ane From the cold posterior snrlace
in these regions, was respotsible, associated with the viscons state
ol the elass itsell, Kvidently the viscons state ol the glass was
au hnportant Tactor, Fora contiast i provided by rare specimens
ol anstralites in which ostensible ange elass was vather less
viscons, and nstead of building np into a tlange stimetnre, it has
spread out on to the posterior surface tor <ome distance from the
canatorial periphery Chicthe eanness indicated by lignees 9y and 9n
of Plate TN, Baker, 1916),

The posterior strfaces of ilanges were Toeided in fow pressiree
recions dnring the phase of high specd carthward Hight of
anstralites, and these siefaces are charactevistically suooth and
olten shightly concave,  On the other hand, antevior <ielaces of
anstralites were located in high pressnre vegions, and  their
couatorial edges where thoges were built ap were positions of
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greatest frictional drag; henee the anterior surfaces of the flanges,
which are convex genel dll), reveal complexty wrinkled fow ridges.
Htoas in the ™ seat " regions of flanges (ef, text figure 19) and
from thenee to their equatorial ('(l“(\ that loxs of “l‘l\\ s most
noticeable as a result of the final plmw\ ol the processes prodocing
the cnd products now representing the secondary shapes ol
anstralites, Tt can be observed from thin seetions, that i the
anterior surface regions of the flange extending from the ** scat ™
to the equatorial edge, low lines in the glass of the flow ridges are
parallel with flow lines in the immediately underlying  glass,
whereas the outlines of the intervening flow tronghs eut 11011t
across sceondarily deve lu])ul 11(1110(\\\(1111 trending flow Tines ((,
Baker, 1944, Plate T, figure 1), ﬂms indicating removal of flnn
films of glass from the flow trough regions to rather greater
extents than from the flow ridges, during these end stages,

Small howl-shaped and the dise- and oval-plate-shaped forms
of australites, which have not vet heeun located in the Nirranda
Strewnficld, have heen discussed elsewhere (Dunn, 1916, p. 2235
Baker, 19404, p. 312), but the manner of thetr origin has not
yvet heen satisfactorily explained in its entirety.  These are
essentially thin forms of anstralites, averaging 1 i to 1.5 i,
seldom 2 nm in thickness, and their thickness is ont of all propor-
tion to their dimmeter, the diameters ot most forms heing 10, sonie-
times 20 times as great as their thickness,  Suoeh forms could
possibly be the end products of very small huttons, lenses and

ovals that had beeome so thin hy ablation that they were completely
softened mder the inflnence of frictional heat, and flattened hy
frountal pressuve to form dise- and oval-plate-shaped australites
(¢f. Baker, 1946, Plate VI, figures 1 and 2), or even tnrned back-
wards where suffic dently vustable, to form howl-shaped  (or
“ hehmet-shaped ™) anstralites (ef. Baker, 1946, Plate VI fignres
3a and 3B). Inthe wr iter’s opinion, there are no features of these
sinall, thin australites that wonld indicate the operation of
rotational processes doring their formation as sceondary shapes,
even thongh they seem to have hecome softened thr nn“hmlt during
these end ])11.1\(\ of flight, atter which they cooled prior to lehn("
upon the carth’s surface, at mneh vedueed speeds.,

The origin of the shapes of several of the relatively rare
aberrant fmm\ ol australites that have come under the notice of
the writer (ef. Baker, 1946, Plate VL, fienres 64 and 68, Plate
VIII, fignres 7a and 78, and Plate X, can generally e satis-
factorily explained by initial reference to mmllhml primary forms

8412/54—15
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of revolution, some of which may have heen aceidentally deformed
during pre-atmospherie flight and consequently did not behave
like the more regularly shaped forms during the phase of
atmospherie flight, The aberrant forins of australites are usnally
of such a tvpe that the wdea of rotational notions while passing
through the cartli’s atmosphere seems searcely tenable.

Viewed on the above hasix of the theory of fusion stripping
and ablation during high speed flight for the origin of their
secondary shapes, certain deduetions are herein made concerming
the specitic gravity values of australites, These deduetions seem
to give credence to the postulates set ont m the foregoing pages.
The tact that in any particular anstralite strewnfield, the smallest
australites often have specitie gravity values the same as those of
the nedimm-gized and even the largest anstralites known, and
that both lower and higher specifie gravity values occur among all
sizes, wonld suggest that complete Huidity of cach anstralite was
not attained during atmospherie flight. Had this occurred, 1t
would he expeeted that more volatile constituents would escape—
more heing lost from the nltimately smaller, than from the finally
larger australites.  Sinee, under such conditions, heavier con-
otitients would be the more volatile, lighter constituents should
thus concentrate in the smaltler forms, which would then have
the lesser speeifie gravity values (ef. fusion experiments, Baker
and Forster, 1943, p. 393). Sinee this is not shown by the
thonsands of specific gravity values determined for australites
(Baker and Forster, 1943, p. 403), it 1s concluded that variations
in specitic gravity among anstralite specimens of different size,
in cach separvate  shape group found  from different  or
the same  localities,  are  essentially  a  funetion  of  their
primary phase of  formation, During  atmospherie  flight,
progressive  fusion  and  removal of miceroscopically — thin
tilms of melted anstralite glass from the forward surfaces
wonld  mot  give rise  toany  really  xignificant specific
aravity  variation as hetween the  primary  form and  the
nltimate secondary form derived therefrom. It conld, however,
account for the fact that flanges generally. though not always,
have lower specifie gravity valnes than hody portions of uch of
(he anstralites ax formed flanges during tlight. The flange glass,
during secondary melting and migration. possibly lost xome of the
heavier. nore volatile constitnent=, thus resulting n a slightly
more silica-rieh residunm with slightly lower speeifie gravity
values.
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Effccts of  Acrodynamical  Flow-Phenowena  during  Ullro-
supersonte I'hgldt,

There is every reasou to believe that australites are extra-
terrestrial objeets which entered the carth’s atmosphere  at
cosmical veloetties similar to those possessed by iron and stony
nteteorites. On first reaching the atmosphere, they were evidently
cold, non-rotating hodies of glass with complex internal flow-line
structures generated in their bivthplace. Their speed of traverse
through the carth’s atmosphere no doubt became progressively
lessened as they passed through the inercasingly denser lower
atmospheric layers nearer to the carth’s surface, as a consequence
of increased frictional resistance, so that they lost their high
cosmical speeds, and fell to carth at speeds controlled by the carth’s
gravitational forees, The nature of the airflow nnst have changed
considerably and continnously as their speed decreased. No parts
of the australites are considered to have heen flnid on landing upon
the earth’s surface.

Dnring transit through the atmosphere at very high speeds,
certain aerodynamical factors must have operated in such a way
as to produce the kuown secondary shapes and secondary strue-
tures of australites from a small vaviety of primary forms (ef.
Baker, 1944, pp. 18-19).

The rate of tall to carth, at a distanee of =ay 60 to 70 nnles
above the earth’s surface, wonld he some 6 miles per second if
falling duce to gravity alone, while the maxinmm veloeity, if at
all comparable with that of iron and stony meteorites, would bhe
i thie region of 20 to 40, or even 20 miles per second according
to various estimates.  The time taken to travel through the carth’s
atmosphere wonld thus he very short. a matter of a few seconds
to a few minntes at most, according to the angle of entry. At =uch
speeds, the veloeity of approach ol anstralites to the ecarth’s
surface is ultra-supersonic, with a Mach munber® somewhere in
the region of 27 at the minimum speed ol 6 miles per second. =ome
60 to TO miles above the cartit’s sitace, and of 192 to possibly 248
as g probable maximnin Mach munber at the same height, Sinee,
however, the Mach numbers would not he comparable units at these
heights as at sca level, hecause of <1ii'l'<*r(*m-(3s”in temperature,
pressnre and density of the atmosphere at the (!111(*1'(*111 levels, they
would not be nearly as high as given ahove, since Mach numbers

¥ The Mach number (M) is the ratio of the speed of supersonic flow to the
speed of sound, so that if M - 1.0, the speed of supersonic flow cquals the speed of
sound, which is 760 m.p.h. at the standard sea level temperature of 15°C. (cf. Black,

1953, p. 252). -
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decerease in valne with inercase in height above the carth’s surface.
Nevertheless, they would still he relatively high and no doubt mueh
areater than those <o tar attained with guided missiles that have
reached supersonic speeds, The gnided missiles, which reach
heights of up to 250 miles above the carth’s surface, and travel
at sonie 2,000 miles per hour, have a Mach mnmber of 2.6, aud they
travel npwards fronm denser to less dense layers of the atmosphere.
Australites, on the other hand, travel downwards 'rom less dense
to deuger lavers, penetrating all layers of the atmosphere from
the most temions to the most dense, at speeds which ave decreased
by Trictional vesistanee of the atmosphere, but which at times are
i the vieinity of <omething between 21,600 and 14,000 to 130,000
wtites per hour. Theiv Mach numbers must thevefore be Ingh,
cven after allowing Tor decrease in speed with uearer approach
to the carth’s sirrface, and also allowing for the fact that Mach
numbers fall in valne at the greater heights.

Travellug carthwards at ultva-supersonic speeds, the tem-
perature of thin films of the forwardly directed snrfaces of
spheres, spheroids, apioids and dumb-hells of australite glass, was
considerahly vaized (1o at least the softening temperatnre of
tektite glase), hy virtue of the development of shoek waves ahead
ol cach torm (gee text fignre 36 for a primary sphere of anstralite
elass), for where the aiv iz bronght to rest in shoek waves, com-
pression g so great as to prodiunce mneh inereased temperatnres.

At supersonie speeds, certain important factors come nto
operation, chief among which are those connected with the
acrodynamies of high-speed flow, the behaviour of the air being a
funetion of the relative motion between the atmosphere, which
for these purposes can he regarded ax virtnally at rest; and the
anstralites, which it is presnmed must have travelled at very high
velocitiex, To begin with, dnving supersonie flight, a permanent
type of disturbance wonld be set np in the air piled np ahead of
any particnlar primary form of australite travelling at sueh
speeds, thus ercating the important shoek waves,  Shoek waves
are regavded as sheets where there exists an abrupt diseoutinnity
of veloetty of How Cef, Diurand, 1935) and they are narrow zones
of intense compression,  The air that flows over the surface of
any australite travelling at nltra-snpersonic speed, can do so only
after it has penetrated the narrow aveuate region ol compression
known as the frontal <hock wave, The frontal <hoek wave (see
text fienre 36) travelz a <hort distance in front of the australite,
i the same divection at similar <peed. Tz shape wonld be hroadly
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hemispherical, with a radius of curvatnre a little greater, but
otherwise generally conforming with the are of eurvature of the
forwardly divected  hemispherical  surface  of  the  primary
australite form, such as the one depicted in text figure 36.
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CONE OF DEAD=-AIR

FIGURE 36.

Diagrammatic sectional representation of the probable form and nature of shock
waves and turbulent zones created by a non-rotaling primary sphere of australite
glass travelling earthwards through the atmosphere at ultra-supersonic velocity.
(Based on a reproduction by Black, 1953, p. 254).

Along the sides of the primary form, substdiary shoek waves
would develop in positions Iving obliquely to the dirveetion of
propagation, and in them, compression, although high, would
probably not be as intense as in the frontal shock wave,  For
general purposes of illustration, the priovary forms of australites
are regarded as heing initially relatively smooth (ef. text figure
36), and varying it size from 10 to 55 mu. in diameter for spheres,
and from 9 x 20 mm. to 40 x 100 mm. for elongated forms.  The
subsidiary shock waves generated by such forms, are pictured
as equatorial shock waves, produced ax narvow zones of high com-
pression that lie very obliquely backwards and most Tikely some-
what detached from the equatorial regions of the sphere (ef. text
figure 36) as a result of thickening in the houndary layer of air
induced by the objects having such high Mach muubers, The
original surfaces of the primary forms of the australites, however,
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were uo doubt somewhat hnbble-pitted, henee the subsidiavy shock-
wave phenomena would probably he mueh more complex than
indicated 1 text figure 36,

Behind  the fast-moving  australite sphere,  turbuleuee  1s
created where the main How hecomes separated in the equatorial
regions, by the action of reverse and sceondary reverse laminar
How prodneing vorticity in the relatively thin boundary layers of
the atmosphere in contact with the surface of the sphere. Tt s
within the thin bonudary layers that all frictional cffects arise
between the antevior surface of the australite and the fluid inedumn
(the carth’s atmosphere) through which it has its trajectory.
Thus there wonld arise stresses in the gaseons medinm along the
anterior surface of the austialite prodneing skin friction as a
tangential component, and stresses in the positions where turbu-
lent How was generated in equatorial regions producing form drag
(Whitloek, 1943, Chapter V). Tuside the tinshulent wake region,
immediately hehind the posterior surtace, there would most Tikely
exist a cone of vivtually dead-air, as indicated in text figures 36
aud 37.  Its existence enables the posterior surface to be main-
tained at temperatures well below the fusion temperature of
australite glass,

The frontal shock wave coustitutes a narrow zone of immense
pressure, while behind it, a slightly broader zone extends from
the back of the shock wave to the front swrtace of the primary
sphere of australite glass.  Although the veloeity of the air is
decreased in this zone, high pressnres, and henee high tempera-
tnres persist. L\ state of steady How of a permanent type produe-
g shock waves can only be developed when the motion of an
ohjeet travelling at supersonic ov ultra-supersonic speeds, s con-
fined to one divection (ef, Dirand, 1935). Therefore it is dedueed
that there was no major ¢hange in the diveetion of forward pro-
pagation of any of the australites that have heen vecently stndied,
and there was evidently no rotatory motion.

During the maintenance of shoek waves, all the mechanieal
encrgy generated at supersonie <peed, would be converted into
heat, dne to the viscozity and conduetivity of the aiv in the zoue
hehind the frontal <hoek wave,  Henee, ax long as supersonie
specd prevals. aocap of highly heated compressed air travels
ahead of the anstralite, as diagrammatieally illnsteated in text
lgure 37,
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FIGURE 37.

Diagrammatical three dimensional concept of the aerodyqamical phenomena gt
high-sp(?ed flow past a primary sphere of australite glass travelling at ultra-supersonic
speed.
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Under such conditions, during the carly stages of development
that were eventually to lead to the formation of secondary shapes
of australites, this cap of highly compressed air snpplied the tem-
peratinre rise necessary to the softening of thin filns of australite
glass in the front polar region, where pressures would he greatest.
It cansed particles of the glass to volatilize, thus imitiating the
process of ablation that hereafter becomes an important factor i
shaping the anterior surface. The eap of compressed air also
protected the anterior surface from loss of heat during the very
short period of tine available for secondary shape development.
As s conseqnence of this process, a proportion of the primary
australite fors, most probably the smaller ones, was undoubtedly
lost by complete volatilization,  Many others, however, siurvived
the effects of the acrodynamical flow phenomena that prevailed
throughout the period of maintenanee of ultra-snpersonic and
supersonic speeds, but dnving their operatiou, these primarvy forms
became considerably veduced in size and altered in shape, on the
forward surface. The separation of the main flow stremu from
the equatorial regions of the larger primary forms, is regarded
as being responsible for the process of fusion stripping that gave
rise, on the larger of the forms, to flaked equatorial zones sneh as
are depicted in text figures 33 and 34, In this region oceurs the
transition zone where laminar flow in the thin boundary laver
cnds, and tnrbulence supervenes,  The turbulencee thus cierges
from the thin boundary layver, and being packed with vortices
would generate nnel more intensive form drag.

The final, or near-final, conditions priov to the landing of a
button-shaped anstealite on the cavth’s snrface, are pictured i
sectional aspeet in Plate V1, fignre 28, and in this connexion,
refercuce should be made to Plate T, figire 1, in order to obtain
some coneeption of the character of the frontal aspeet of the
anterior snrface of a button-shaped anstralite at the end stages
of development. At this stage (ef. Plate V1, fignie 28), the
frontal shock wave is still maintained, although its shape has
changed, becanse the are of curvature of the anterior sinfface of
the anstrealite has heeome flatter ax a consequence of considerable
frontal ablation, lienee inercasing the angle of the shoek waves to
the airstreanm. This change can be jndged by comparing Plate V1,
figure 28, with text fignve 36, where the end stage shown in Plate
V1 has been derived from a sphere oviginally the same size as
that depicted in text figmee 36,

It ix known that frontal shoek waves He at varions angles to
the airstrearnn in snpersonie flow (ef, Black, 1953) . and with objeets
travelling at snpersoniec speeds, these angles are  controlled
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essentially by the shape of the torwardly direeted snrface,  Sinee
the front surfaces of all the primary and the majority (i.e.
Aattened forms excepted) of the secondary shapes of australites
arc never perpendicular to the airstveam during their jonrney
through the carth’s atmosphere, frontal shock waves would never
be geuerated normal 1o their path.  In other words, during the
important formative stages of secondary shape development, the
frontal shock waves wonld always be of the obligne type where
pressures, which depend npon deflection, are seldom more than
50 per cent. of the pressures generated when perpendicular shoek
waves are formed ahead of a perpendicular reflecting suface.
[nasmueh as the are of curvature of the front snrface of the
secondary shape (¢f. Plate VI, fignre 28) is flatter than that of
the primary anstralite form (ef, text figure 36). however, the
sliock wave ahead of the secondary form must he less obhque
than that alicad of the primary form, and consequently pressures
somewhat greater, and hence drag is more pronomeed along the
anterior surface. The shape in cross seetion of the nltimate
secondary anterior sirface of the anstralite, is thusg not vastly
different from that of the isoclinie wings of certain trangonic air-
craft, as far as the hackswept character isx concerned.  The
australite, however, does not have the pointed nose, but this lack
would be offset by the greater speeds at which australites travelied.

A few of the smaller anstralites have been flattened, evidently
in the end phases of atmospherie flight, when they had heen ablated
fo very thin forns such as the dise- and oval-plate-shaped
examples. If produced at supersonic speeds, then pressures on the
front surfaces of sneh thin forms must have been at a maxnnum,
for their frontal shock waves wonld have been virtnally perpen-
dicular. This mayv explain why they are flattened and why sowme
of them were even hent backwards into bowl-shaped forms,

Tn anstralites with forwardly curved front smtaces, e, all
other forms. the ave of curvature of the frontal shock wave not
only varies with the changing curvatunre of the ablating anterior
surface, but changes also oceur in the subsidiary shock waves.
Thus the marked skirt of equatorial shock waves of the primary
australite sphere (text fignre 37) hecomes replaced, near the end
stages of flight, by a number of flow ridge shock waves, which
arise locally aronnd the front smrface of the secondary form (Plate
VI, fignre 28) at positions where the flow ridges shightly project
above the general curvature of the anterior surface. These pro-
jections, which are sitnated some distance away from the front
polar regions of the secondary shape. and oceur at progressively
decreasing intervals towards the cquatorial edge, are positions
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where local aceclerated How avises,  Five sueh projections and
their attendant <hock waves ave illnstrated in Plate VI, figure 28
i sectional aspeet. Behind cach flowridge shoek wave, wonld
OCENT eXPANSION cones ol cross Reetion 1\*\(ml>lmo the fan-like
expausion regions illustrated by Black (1993, p. 04) Such
expansion cones wonld avise in the flow 110110'11 regions, where
focal scouring-out of glass occmared duviug ﬂww final stages of
seeondavy shape developient. The mat ferial removed helow the
fevel of flow ridges that oceme on either side of such tHow tronghs,
ix of relatively minor amonnt, at the wost heing 025 mm. ﬂn(l\
from flow tronghs nearvest the front poles, and 0+ ) n. from flow
tronchs at the cquatorial edge of the secondary shape.  Sneh
naterial was no doubt Targely removed ax a restlt of drag in {wo
dimensional bonndary laver tlow of air in contact with the front
surface, for such laminar flow wonld hecome an inercasingly
important factor in the lower. denser lavers of the atmosphere,
where the secondary shape of the anstralite received its final
sculpturing.

Now Dodwell (see Fenner, 1938, p. 207) has calaenlated from
Opik’s mechanies of meteor phenomena, that friction in the carth’s
atmosphere wonld vield a thickuess of onlv 0-001 ems. of lignid
film on a medinm gize australite of 10 nun, radius, and that the
temperature difference wonld he enormous hetween the snrface
and the bottom of the film, Moreover, the rate of heat transfer
through aunstralite glass iz <o Tow that the internal and rear
regions must remain relatively cold, 1his being aided in rear
surface regions by the exixtence of the cone of dead-atr.  Tlenee
the amonnt of anstraiite glass in the fnsed state at any partienlar
imstant, must of necessity he smatl, and it 1= thus considered to he
out of the question that {he anstralite couid become completely
molten throughout during the atmospherie phase of flight, and
vet remain ax an entity in itself,

An important vesnlt of pressnee on the frontal area of an
australite moving at vltra-supersonic or even al ordinary super-
sonic speeax, i) the production of drag. This evidently hecomes
manifest in the thin tamimae of confact an dnring bonndary layver
flow, where frictionar effect< are predominant, Tt ix therefore
to be expected that the thin lignid il of anstralite glass produced
at any given time dincing high-specd ilight, would he foreed aws ay
from the place where de cloped, very shortly atter its formation,
almoxt instantanconsiyv in faet, this exposing a new nuder-snrface
of the glass 1o the hicating process and <o the process proceeded
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continuously while supersonic specds were maintained,  Partieles
of liquid glass removed from the frontal avea of the anstralite,
where pressures ave greatest, wonld heeome rapidly volatilized in
the highly heated, highly compressed cap of gas Iyving hehind the
frontal shock wave, and either swept away into the wake of the
speeding australite, or clse dissipated obliquely sideways in the
region of the lateral Howridee shoek waves,  As thix process con-
tinued. the front pole of the original primary sphere receded,
the are of enevatiure of the Front snreface beeame flatter, and the
edge of the secondary form constantly moved baek and bevond
the equatorial zone of the primary sphere. When sneh o stage
was  reached, the primary sphere had  bhoen redineed  to an
optinnim size and shape where conditions were <nitable for tle
constrietion of a flange <trneture, attended by marked tlow ridge
development and the generation of other subsidiney shoek waves,
Hocan be assessed from comparison of the primary sphere
indicated in seetional aspeet inotext fienrve B6, with the vhthmate
secondary form imdieated by a <eetion throneh ifts front and back
poles in Plate VI fignre 28, that approximately 60 per cent. fo
6GH per eent. of the primary sphere has heen loxt by ablation in
attaoning the final secondary shape. Nof all of the secondarily
fused anstralite olass< was Tost hy ablation and fosion strinpine.
for some beeame vnshed back o hiild np the flanee. as <cen in
seetion in Plate VT, fiecnre 280 Dorine flanee erowth. fimhnlenes
in eanatorial reeions vlaved an imvortant nart in <hapine the
nosterior snrface of {he flanee.  Tddy coreents onerated from
the canatorial edee of the flanee inwards:af o fime in the nhases
of develonment when the fosion strippine process that had
onerated to vrodoee flaked canatorial zones on Tareer forms (ef
toxt fiemres 33 and 30 was no Toneer a major factor with which
to he veekoned on these redneed. orvieinally stnaller forms Near
the inal staees of secondary shape Cormation, of whieh {he {hin
seetion shown in Plate VI fienre 28 reveals fhe strnetore of
the end prodnet. the veloeify of the anstralite had considerably
lessened, henee pressnre and temmervaturee had decreased, and the
final aet of {the now lexs potent acrodvnmmical forees scems {o have
heen o minor amonnt o sconvine i fHow froneh regions and in
the equatorial veeions of the anterior simefaces of the thinges, for
{he anstralite had hy now entered the lower and denser Eivers of
the carth s atmosphere where dime effeets were prononneed,  The
Inifeting effects that novmally arvise frone deaw and from shoek
wive formation. were evidenthy negligible doving the forngtional
stages of secondary shapes possessed by anstralites,
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It ix considered that the operation of the acrodynamical flow-
phenomena, and theiv effects as ontlined above, would he similar
for other primary <hapes of australites as for the primary sphere
utilized in these conjectuves, Minor vaviations may have occurred,
although they ave not evident from the study of the ultimate
secondary shapes prodneed from different pranary forms.

It has already heeu indicated that the aves of curvature of
shock waves ahead of one and the same anstralite, wonld vary and
change according to the change in curvature of the auterior
snrface with ablation,  Aves of curvatnre of shoek waves wonld
also vary from form to form according to the radius of enmrvature
of different primary forms.  Moreover, in the smaller nmmber of
australites that have the final are of cwrvature of the anterior
sirlace steeper than that of the posterior surface, the shape of
the frontal shock waves stavted off steeply curved and hemi-
spherical, then hecame rather flatter, only to ultimately approach
the more steeply emrved hemisplierical shape again, so  that
pressure must have oscillated considerably with the varying angle
of the defleeting anterior surface to the airstream, heing greatest
iu the mtermediate stage, least in the initial and ultimate stages.

In oval-, hoat-, canoe-, and teardrop-shaped secondary tforms
of australites, the frontal shock wave pattern as viewed normal {o
the polar axes of these forms, wonld generally parallel the outline
of the forwardly divected snrfaces, in a shmilar manner to that
depicted (ef. text figmre 37) for primary spheres and that for
seccondary forms  (buttons) derived therefrom (ef. Plate VI,
figcurre 28).  In dumb-hell-shaped examples, however, it secus
likely that two shoek wave fronts may have heen produced, one
ahead of each forwardly directed hulhous portion (ef. text figure
14). so that complexities might be expected in the waist regions
ahead of which shock wave interference is surmized.

An hmportant guestion to he considered in treating of the
origin of the secondary shapes as developed dnring nltra-
supersonic flight, coneerus the likely temperature values generated
in the cap of highly compressed gas alicad of an anstralite travell-
ing carthwards at high speeds.  H australites travelled at 21,600
miles per hour asx a probable mininmm vahwe, or as mneh as
180,000 miles per honr as a calenlated maximum valne, at heights
of come 60 to 70 miles above the carth’s sweface, temperatures
shionkd he cuormons i the highly compressed cap of gas, On
the basis that guided missiles veleased at the earth’s sueface,
travelling at 3.220 kilowmetres per hour (ie. = 2,000 w.p.h.)
develop a tewperature rise of 1°C, for every 100 Km. hr., their
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mereased temperatire (approximately 300 (L) wonld he small
compared to that compnted for anstralites (2,200 €' 1o 18,0007C")
by extrapolation.  However, temperature valnes devived in this
way, by extrapolation, may have little validity, for the reasons
that () the known temperatnre vise indieated above wmay not he
maintained, (b) anstralites e not passing throngh the denser
portions of the atimosphere in the cavlier stages of atmospherie
flight, but in the final stages, and (e) at the eritical stages of
sccondary shape formation, speeds may he lower thau at a height
of 60 to 70 miles above the carth’s snrface, because of inereased
drag effects. Henee teiperatwre vatues in the highly conpressed
cap ol gas could be considerably less than the npper limits given
above, but are vot likely to be helow the Tower linnts, The tem-
perature necessary to canse solid australite glass to pass into the
lignid. state, has been detevmined ax 13240700 by Grant (1909,
p. 447). Therefore the molten film of glass mcasiming 0.001 ¢ms.
produced ou the anterior sneface of an anstralite dimring super-
sonie flight, must be at least 1,3247C. bt sinee the temperatnre
of meltimg inercases with pressinee, the effeet of intense compres-
stont generated by the formation of frontal shock waves would he
to considerably raise the temperatinee of fnsion at nltra-snpersonie
speeds, so that temperatnres at the antevior surface may well have
bheen in the region of 2,000 ¢ ov more. To volatilize this glass
during the operation of the ablation process at front sirfaces,
however, considerably Ingher temperatnres are necessary, so that
temperatires eqnal to the temperatnre of volatilization of the
silicate glass formiug anstralites, mnst have been attained in the
ap of lot, compressed gas behind  the frontal shoek wave.
Becanse of the opportunity available for reaction hetween pavtieles
of volatilized anstralite glass and oxygen in this region, certain
chemical effects would come into play.  Most of the available
oxveenr would evidently be consimmed dnring volatilization, so
it is not to he expeeted that onter oxidized films of glass wonld
he extensively or continuonsly produced ou the front snrface of
the anstralite itself. Sneh oxidized films are never fonnd on the
outer snrfaces of australites on discovery, althongh they can be
prodneed by heat treatwment nnder certain conditions 1 the
laboratory.  Thns, a (lange fragment and a body Dragnent from
different anstralites in the Port Camphell Strewnfield, also a small
button-shaped form with flange remuants (reg. no. 19845) from
the Nirranda Strewuticld, all developed reddish-brown skins after
heating them to 1,2007C, for two honrs imder atmosphevie pres-
sures in an oxidizing atmosphere, in an cleetrically heated tube
furmece.  The oxidized film of glass so produeed, was exceedingly
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thin, measnring nnder 1 micron, and microscopic examination
revealed that no particular strain phenomena had become evident
in the glass mmediately below the film, At this temperature,
softening of the glass nad just become initiated in one place,
indicated by sticking at a point of contact bhetween the australite
glass and the containing silica hoat,  "The reddish-hrown, thin
oxidized film had a marked satin-like lustre, and its colonr 1s due
to the complete conversion ol ferrons to ferrie iron in the onter
skiu of anstralite glass.

It any sueh oxidized filins tended 1o develop on the highly
heated front surfaces of anstralites dining ultra-snpersonie light
downwards throngh the carth’s atmosphere, they were evidently
rapidly removed by the effects of drag in the Luninar bonndary
layer llow along the anterior sneface.  Now sinee the flange glass
of anstralites represents material moved from front polar regions
to eqnatorial regions, at certain phases of development of the
sccondary shapes of anstrahites, then flanges are the places to
seck evidence for the possibility of frout {ilin oxidation having
oceurrved. Thin seetions ol some three dozen flanged australites,
reveal that the flange glass in the majority is always the same
colome as the body glass, and moreover, in the body glass itself,
there is no colonr difference hetween posterior surface regions,
anterior surface regions o1 central regions,  In two exanples of
flanges, however, (ef. Baker, 1944, p. 12 and Plate 11, fignres 1
and 9) a limited amonut of banding of deep brownish colonr is
present. Dunn (1512, p. 6) also noted occeasional colour differences
i the flanges of anstralite seetions he deseribed, These hands can
only indicate that some oxidation of the front film had ocenrred,
and that only in a fow examples was this oxidized glass incor-
porated with the non-oxidized glass which forms the bnlk of the
flanges.

Sinee it appears fogical to assnme that australites travelled
throngh the carth™s atinosphere at greater than ordinary super-
sonie veloeities, all the processes ontlined above in forming
secondary from primary shapes; must have oceurred in a very
short period of time. Thos it their fall was vertieal throngh the
atmosphere, the primary fornis of anstralites snffered frontal
melting, fnsion stripping and ablation, and flange-Inilding pro-
cesses, and were developed into the secondary shapes as we find
them npon the carth’s sieface, all ina matter of 10 to 15 seconds,
i travelling at the npper speed Timits of 40 10 50 miles per secoud,
or a matter ol Ty minntes at the most at the lower speeds of 6
miles per =econd, (not allowing for the slowing down effects of
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transit 'rom more tennons upper atmosphere to more dense lower
atmospherie layers). It (heiv path of fall was obligne, the time
taken would he approximately np to three times as long, accord-
ing to the angle of entry into the atmosphere,  Dnring their high
speed tlight, igh compression in the aiv ahead of anstralites pro-
duced Ingh temperatures which operated for a very short period
of time, and so opportunitics were rather limited for oxidation
to ocenr i thin films of fused glass, henee only meagre evidenee
exists to indicate that a simall weasure of oxidation did arise in
these thin fihns,

CONCLUSIONS
The evidenee revealed by a detailed stndy of the Nirranda
Strewnficld anstralites, together with the aceumulated resunlts of
observations carried ont on apprroximately 2,000 australites from
the sonth-western Vietorian region, indicates that anstralites need
not have rotated diuving their short periods of rapid transtation
throngh the carth’s atmosphere,

Apart Trom the spheres, which arve eszentially non-rotational
bodies, the other primary forins frony which =ome secondary shapes
of anstralites arose were certainty prodiuced by rotation, since
the evidenee indieates inttial generation of typicat forms of revolu-
tion from rotating molten bodies of glass. 'The birthplace of the
primary forms was nndoubtedly extra-terrestrial,

On entering the carth’s atinosphere, and at that stage posses-
sing the low temperatinee equivalent to that of onter space, the
onsct of conflict of the primary glass bodies with the carth’s
atiosphere, through which they travelled the greater portion at
ultra-supersonic speeds, generated pressure and frictional heat in
the fromnt regions of cach object. This was insufficient to produce
complete melting thronghout, bt was adequate to resnlt in sheet
fnsion and thus progressive frontal meling of thin films of” glass,
I anyv of these glass<y bodies entered the carvth’s atmosphere
initially rotating, which is very doubtful, thew they evidently lost
their spinning motion very guickly, and continned along their
line of flight at ultra-supersonic speeds. nntil <lowed down near
the earth’s snrface, by which time some had hecome completely
evaporated, and the vomainder became very nmeh nioditied in
shape. Glass melted from their anterior snrfaces was thus not
whirled awav by rotational forcees. hnt wax forced back nnder
pressire and the inflnenee of frictional drag rom the front polar
regions towards the equalorial regions of cach non-rotating hody,
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Much glass was completely lost in this way from the greater
mmber of the separate primary hodies, assisted by the ageneies
of rapid fusion stvipping and ablation, nntil the shapes of
anstralites, as they are now know, were developed.

The tinal secondary shapes of anstralites show several marked
stages in the progressive operation of these processes,  Larger
forms show flaked equatorial zones, but no flanges and no flow
ridges.  Medimn sized forms have developed flanges at certain
specitic sizes and shapes, and with them, concentrie, anticlockwise
spiral or clockwise spiral tflow ridges oun anterior surfaces ouly.
Smailer forms mostly lost their tlange, largely during flight, bt
some as a consequence of subsequent sub-aerial erosion.

Microscopie complete forms of anstralites have never been
found. although searehed for among the materials npon which
anstralites of macroscopic size have heen discovered. It 1s not
likely that microscopic anstralites will ever be discovered, becanse
complete dissipation by ablation =eems to have oceurred, hoth
of all the glass melted from front swrfaces dnring the generation
of the secondary shapes (allowing for that retained in equatorial
regions ax flanges), while all forms below a specifically limited
lower size valie have also been completely ablated. It 1s to be
expeeted that atter any partienlar primary foru had been ablated
down hevond a certain minimum size, it completely evaporated,
for the reason that ablation depends essentially npon the size of
the snrface, and that with diminishing volume, the relative size
of the simface inereases,  Ina similar, but not quite identical way,
raindrops that reach the eavth, have a certain minimmm size. The
simallest known complete australite is one from Port Campbell,
Victoria (see Baker, 1946, Plate VI, figure 1), which weighs
0.065 grams and measnres 9 x 6 x T, It is donbtinl if conplete
anstralites less than 0.05 grams in weight are ever likely to he
fonnd.

The majority of known anstralites have been further moditied
by erosion while they lay npon the carth’s smeface, some to greater
degrees than others, and many have been fractured by various
canses.  SNome specimens have been so mueh more affected by
erosion than others, that sometimes they seareely appear at first
to beloug to the anstralite fraternity, These later modifications
to the secondary shapes of anstralites nmst ahwayvs be cavefully
considered, partienlarly where the sialler cores (hody portions)
are concorued, hefore a final decision can be made regarding their
original primary form and thenr snbsequent secondary shapes,
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As found upon the surface of the carth, anstralites have
evidently passed through the following principal stages:

(A) Initiation, some ax spheres, ome as primary forms
of revohition, in an extra-terrestrial cnvironment.

(1) Sceondary modification of the primary forms by
virtue of their short periods of flight at ultra-
supersonic veloeities through the carth’s atnos-
pherie envelope,

() Tertiary modification of the secondary shapes by
the relatively  prolonged action of  terrestrial
agencies after landing upon the carth,

As extra-terrestrial bodies that have passed through the whole
thickness of the carth’s atmosphere, the symmetrical Australian
fektites nmiust have experienced veloeity reductions of a very
marked degree, inoa sequenee from initially nltra-supersonie,
through snpersonic and transonic, to ultimately subsonic, in a
very short period of time, before coming to rest upon the sirface
of the carth. Their secondary shapes were impressed npon them
in the carly to intermediate stages, at speeds greater than
fransonic speeds.
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DESCRIPTION OF PLATIES
Plate I.—(x3).
Figure 1—Anterior surface of complete button-shaped australite (K1016)% show-
ing counter-clockwise flow ridge and tendency to radial arrange-
ment of flow lines outwards from the front pole. Coll. E. D, Gill,

* Numbers so given are registered numbers in the Rock Collection of the National

Museum of Victoria.
8412/54.—16
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Figure 2-—Posterior surface of complete button-shaped australite (E1016) show-
ing bubble-pitted surface of core and finely etched surface of flange.

Figure 3—Posterior surface of flat, lens-shaped australite (E736), the second
smallest complete form in the Nirranda Strewnfield australite
collection. Coll. G. Baker.

Figure 4- Posterior surface of naturally detached, almost complete flange
(E833) from a button-shaped australite. Coll. G. Baker.

Figure 5 Posterior surface of a smaller, naturally detached complete flange
(E962) from a button-shaped australite. Coll. G. Baker.

Figure 6- Posterior surface of incomplete button-shaped australite (E928) that
has lost approximately one third of the flange. Coll. M. K. Baker.

Figure 7 —Posterior surface of lens-shaped australite (E876) showing narrow
superficial groove extending from equatorial to polar regions. Coll.
A, E. GillL

Figure & Anterior surface of incomplete button-shaped australite (E847) with
flange remnants and concentric flow ridges, and showing deep

groove extending approximately three parts across the form. Coll.
E. D. Gill.

Plate II.—(x3).

Figure 9- -Anterior surface of hollow button-shaped australite (E1052) showing
crudely radial arrangement of deep grooves. A hole at the front
pole where several of the grooves unite, leads to an internal cavity.
Note concentric flow ridge. Coll. R. T. M. Pescott.

Figure 10-—Posterior surface of hollow button-shaped australite (E1052) show-
ing two remnants of flange and bubble-pitted, irregularly flow-lined
surface of core.

Figure 11—Broken posterior surface of hollow buiton-shaped australite (E816)
indicating size of internal cavity and showing small remnants of
a narrow flange. Breakage was natural, by impact or by weather-
ing. Coll. G. Baker.

Plate I1II.—(x3).

Figure 12—Posterior surface of oval-shaped australite core (E961) showing
bubble pits. Coll. G. Baker.

Figure 13— Side aspect of oval-shaped australite core (E961) showing flaked
equatorial zone between posterior surface (uppermost) and anterior
surface (lowermost).

Figure 14 -Side aspect of conical core (KE1109) showing strongly flaked
equatorial zone. (This form is round in plan aspect). Coll. E. D. Gill.

Figure 15— Posterior surface of australite core (IX860) showing bubble crater
situated in smoother flow-lined swirl having crudely counter-
clockwise spiral flow lines, and surrounded by finely bubble-pitted
class.  Coll. A, M. Gill.

Figure 16—Side aspect of oval-shaped australite core (1£922) showing well-
developed flaked equatorial zone with small grooves and pits. Pres.
Mrs. A, Mathieson, Snr.
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Plate 1V.—(x3).

Figure 17— Posterior surface of canoe-shaped australtite (E809) showing bubble
pits.  Drawn-out bubble pits and flow lines oceur at the narrowed
ends. Coll, M. K. Baker,

Ifigure 18 -Side aspect of canoe-shaped australite (10809) showing recurved ends.

Figure 19 Anterior surface of canoe-shaped australite (1£809) showing smoother
surface and concentric tlow ridges,

Figure 20— Posterior surface of dumb-bell-shaped australite (15761) showing
small bubble pits and fine flow lines pirallel with long axis of
slender form, Coll. A, E. Gill.

Figure 21 Oblique view of one side of posterior surface of boat-shaped australite
(E7T83) showing decp grooves (** saw-cuts '), The grooves continue
around the anterior surface to the opposite cdge of the posterior
surface. Coll. A. 14, Gill.

Figure 22— Posterior surface of teardrop-shaped anstralite  (19706)  showing
minute pits and flow lines. The flow lines at the bulbous end
(bottom of photograph) are counter-clockwise spiral, and extend
along the length of the form to the narvrow, flange-like end (top of
photograph). Coll. A. 1. Gill

Figure 23— Posterior surface of oval-shaped australite (19759) showing bubble
pits and flow pattern. Coll. A, I Gilf,

Figure 24--Side aspect of artificially etched oval-shaped  australite  (19710)
showing tlow lines and vitreous lustre where etehed, and  duft
portion in polar regions of posterior surtace (top of photograph)
where non-etched. Note partiatly developed tlange,  Coll, 16, D, Gill.

Figure 25— Anterior surface of artiticially etched oval-shaped australite (1S710)
showing vitreous fustre and minutely eteh-pitted pattern,

Plate V. (x7).

Figure 26—Thin section of lens-shaped australite (1574%) showing internal flow-
line pattern. Coll. A. K. Gill.  (Section taken through front and
back poles; posterior surface upperniost.)

Figure 27 Thin section of lens-shaped australite (1K932) taken at right aneles
to that shown in tigure 26, showing internal f{low-line pattern.
Coll. M. K. Baker. (Section taken through equatorial planc.)
(These twe thin sections are radial and equatorial sections
respectively, of two lens-shaped australites of the sume specitic
gravity and similar depth.) (Note swirls and complex * fold-like ™
flow pattern.)

Plate VI.—(x5).

Figure 28— Thin slice of button-shaped austrvalite with flange, from Port Camp-
bell, Victoria, showing relationship of front (anterior) surface to
surmized aerodynamical flow phenomena created during ultra-
supersonic flight, and relationship of back (posterior) surface to
turbulence phenomena,
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